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PREFACE. 


In  preparing  this  Handbook,  the  author's  aim  was  to  supply 
to  the  student  of  pharmacy  a  compendious  and  yet  sufficiently 
f>  detailed  text-book  for  systematic  study,  and  to  those  exercising 

■^  the  art  a  trustworthy  guide  to  be  consulted  in  daily  practice.    In 

accordance  with  this  general  plan,  particular  care  has  been 
bestowed  upon  the  explanation  of  all  operations  and  methods 
usually  occurring  in  dispensing  establishments  and  laboratories 
designed  on  a  small  scale.  To  give  anything  like  a  full  account 
of  modern  apparatus,  appliances,  and  methods  pursued  in  large 
manufacturing  establishments  would  have  enlarged  the  work 
^     ,  unnecessarily,  without  practical  benefit  to  the  dispensing  apothe- 

cary. 
^  The  present  work  is  divided  into  four  parts,  viz.:  Physical 

and  Mechanical  Operations;  Galenical  Pharmacy;  the  Art  of 
Dispensing ;  and  Volumetric  Analysis. 

Part  I,  which  treats  of  the  general  principles,  and  physical  or 
chemical  operations  in  their  general  application,  presents  what 
may  be  called  the  theory  of  pharmacy.    A  thorough  knowledge 
of  the  subjects  embraced  in  this  section  is  of  vital  importance  to 
^  the  apothecary,  in  order  to  enable  him  to  control  the  quality  of 

the  medicinal  substances  which  he  purchases  or  dispenses.  He 
who  is  unable  to  apply  the  proper  tests  or  make  the  necessary 
determinations  himself,  is  compelled  to  rely  upon  statements  at 
second  hand,  and  is  thus  handicapped  not  only  in  the  manage- 
ment of  his  own  business,  but  will  be  unable  to  secure  the  confi- 
dence of  the  public  or  of  the  medical  profession,  either  of  whom 
will,  sooner  or  later,  find  out  the  shallowness  of  his  knowledge. 

This  portion  of  the  work,  and  such  of  the  succeeding  portions 
as  appeared  te  require  it,  have  been  profusely  illustrated  with 
drawings,  diagrams,  and  cuts  of  apparatus  and  appliances,  care- 
fully selected  from  the  best  sources,  both  domestic  and  foreign. 
Processes  which  have  become  antiquated  have  been  either  entirely 
omitted,  or  are  only  briefly  described.  Some  processes,  as  for 
instance  that  of  grinding  and  powdering  drugs  on  a  large  scale, 
have  practically  ceased  to  come  within  the  province  of  the  dis- 
pensing pharmacist,  and  demand  machinery  which  is  beyond  the 
requirements  of  the  latter ;  it  has,  therefore,  received  only  a  very 
brief  mention.  But  the  processes  of  grinding  and  powdering 
drugs  on  a  small  scale,  and  the  most  suitable  apparatus  for  this 
purpose,  have  been  treated  of  in  detail.    Such  subjects  as  the 
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determination  of  melting  and  boiling  points,  evaporation,  subli- 
mation, desiccation,  solution  and  solubility,  crystallization,  decan- 
tation,  filtration,  etc.,  have  also  been  discussed  at  length,  particu- 
larly for  the  benefit  of  students  and  beginners.  Especial  care 
has  been  bestowed  on  the  subjects  of  maceration,  percolation  and 
expression. 

rart  II  treats  of  the  various  classes  of  galenical  preparations. 
Each  class  is  described  and  explained  as  fully  as  its  importance 
warrants,  and  in  connection  with  each  class  are  given  descriptions 
and  explanations  of  the  processes  of  those  preparations  which 
require  a  commentary.  Particular  attention  has  been  given  to 
the  explanation  of  the  several  steps  of  the  processes  involving 
chemical  reactions  by  means  of  equations  or  diagrams,  and  the 
method  of  testing,  as  well  as  the  application  of  volumetric  methods 
of  assay,  are  fully  explained.  Working  processes  are,  as  a  rule, 
only  given  in  the  case  of  those  preparations  which  require  a  com- 
mentarv.  For  all  others,  the  reader  or  student  is  referred  to  the 
U.  S.  Pharmacopoeia,  which  he  is  expected  to  consult,  and  which 
this  work  is  not  designed  to  replace. 

In  connection  with  many  of  the  more  important  preparations, 
examples  or  exercises  are  given  which  will  assist  in  acquiring  a 
thorough  understanding  of  the  reactions  and  calculations  involved 
in  the  explained  process. 

Whenever  necessary,  syllabi  or  tables  of  the  various  prepara- 
tions have  been  given  under  the  several  classes. 

Part  III  embraces  the  Art  of  Dispensing.  In  the  section 
treating  on  Prescriptions,  the  aim  of  the  author  has  been  to 
make  it  as  practical  as  possible.  Foreign  methods  of  prescrip- 
tion writing  and  dispensing  have  been  treated  of,  wherever 
thought  necessary,  alongside  of  those  prevailing  in  this  country, 
and  a  chapter  added  on  homoeopathic  pharmacy,  which  is  found 
to  be  a  necessary  occupation  of  the  regular  apothecary  in  some 
sections  of  the  country.  Much  care  has  been  devoted  to  the 
chapters  on  explosive  or  dangerous  prescriptions,  and  on  incom- 
patibilities. The  series  of  characteristic  prescriptions,  to  which 
explanatory  comments  are  added,  will  also,  it  is  hoped,  be  found 
generally  useful. 

Owing  to  the  prominence  which  the  new  Pharmacopoeia  gives 
to  the  volumetric  methods  of  assay,  it  has  been  thought  not  only 
useful,  but  quite  necessary  to  present  this  subject  somewhat  more 
at  length  in  Part  IV,  so  as  to  make  the  student  and  general  user 
of  the  book  thoroughly  familiar  with  it.  It  is  an  old  experience 
of  teachers  that  students  approach  this  subject  frequently  with 
reluctance,  as  it  appears  to  many  of  them  at  first  difficult ;  but 
that  they  nearly  all  quickly  master  it,  as  soon  as  they  under- 
stand the  simple  basis  upon  which  the  whole  rests. 

The  author  desires  to  acknowledge  his  indebtedness  for  valu- 
able advice  and  assistance  received  from  Charles  Rice,  Phil.  D., 
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of  New  York  City.  Likewise,  acknowledgments  are  due  to  Prof. 
J.  U.  Lloyd,  of  Cincinnati,  Ohio;  also,  Mr.  A.  Zimmerman,  Ph.G., 
and  Mr.  W.  H.  Madison,  Ph.  G.,  for  assistance  rendered. 

Many  of  the  illustrations  in  this  book  were  selected  from  vari- 
ous text-books  and  works  of  reference,  which  necessarily  demand 
proper  acknowledgment.  It  was  found  impracticable  to  mention 
the  source  in  each  separate  instance,  hence  the  author  deemed  it 
best  and  proper  that  a  list  of  these  be  given  in  detail  here,  viz. : — 

Arbeitemethoden  fUr  Oiganiach-Chemische   Laboratorien ;    Lassar-Cohn. 

Leipzig :  Leopold  Voss. 
Arzneiverordnungslebre  ;  R.  Robert.     Stuttgart :  F.  Euke. 
Atlas  zu  den  fluchtigen  Oelen  ;  K.  L.  Vetters.     Weimar  :  F.  Voigt. 
Atlas  zn  den  fetten  Oelen  ;  G.  Bomemann.     Weimar  :  F.  Voigt. 
Die  Neueren  Arzneimittel ;  B.  Fiacber.     Berlin  :  J.  Springer. 
Granot's  Physics ;  E.  Atkinson.     New  York  :  Wm.  Wood  &  Co. 
Kommentar  zam   Arzneibach   fUr  das  Deutsche  Reich  ;  H.  Hager,   B. 

Fischer  and  C.  Hartwich.     Berlin  :  J.  Springer. 
Commentar  zar  siebenten  Ausgal^e  der  oesterreichischen  Pliarmacopoe  ;  F. 

Schneider  und  A.  Vogl.     Wien  :  C.  Crerald. 
Lehrbach  der  Organischen  Cbemie  ;  V.  Meyer  und  P.  Jacobson.    I^ipzig  : 

Veit  &  C5o. 
Lehrbnch    der    Anorganischen    Chemie ;    (Graham  Otto),   A.   Michaelis. 

Braanschweig :  F.  Vieweg  und  Sohn. 
Mohr's  Lehrbach  der  Titrirraethode ;  A.  Classen.   Braunschweig :  Vieweg. 
Manual  of  Analytical  Chemistry  ;  J.  Muter.    Philadelphia  :  Blakiston  &  Co. 
Ostwald's  Outlines  of  General  Chemistry  ;  J.  V^alker  :  Macmillan  &  Co. 
Proceedings  of  the  American  Pharmaceutical  Association. 
Physikalisch-Chemische  Methoden  ;  J.  Traube.     Leipzig :  L.  Voss. 
Pharmaceutisches  Manual ;  E.  Dieterich.     Berlin  :  J.  Springer. 
Real  Eucyclopaedie  der  Pharmacie ;   E.   Geissler,   J.  Miller.      Leipzig : 

Urban  &  Co 
Redwood's  Pharmacy,  Proctor. 
Treatise  on  Chemistry ;  Roscoe  and  Schorlemmer.     Macmillan  &  Co.  : 

London. 
Schnie  der  Pharmacie,  i ;  E.  Mylius.     Berlin  :  J.  Springer. 
Lehrbuch  der  Pharmaoeutischen  Chemie ;  E.  Schmidt.     Braunschweig : 

Vieweg  und  Sohn. 
Technik  der  Experimental  Chemie  ;  R.  Arendt.     Leipzig :  Leopold  Voss. 
The  Art  of  Dispensing,  Chemist  and  Druggisi.     London. 
Chemiker-Zeitung ;  G.  Krause,  Co  then. 
Pharmaceutische  Centralhalle  ;  H.  Hager  und  E.  Geissler,  Dresden. 

New  York  City, 

September,  1894. 
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INTRODUCTORY. 

The  term  "  Apotheke  "  {antn^xri)  was  applied  in  olden  times  to 
a  place  of  storage  for  wines,  books,  etc.  From  this  is  derived 
"apothecary"  (Lat.  apothecarius).  Since  the  Middle  Age,  it  is 
restricted  to  those  localities  where  medicinal  substances  are  kept 
and  dispensed. 

The  term  Pharmacy,  is  derived  from  the  Greek  pharmakon 
{^dpfiaxo)^)^  meaning  medicine.  It  is  the  art  which  treats  of  the 
identification,  preparation,  testing,  and  dispensing  of  medicinal 
substances. 

A  Pharmacopoeia  (from  ipdpnaxov,  medicine,  and  r»ferv,  to  make) 
is  a  code  ^or  the  use  of  the  apothecary  and  physician,  which  em- 
braces  the  definitions,  descriptions,  physical  and  chemical  proper- 
ties,  tests  and  methods  of  preparation  of  medicinal  agents. 

The  earliest  work,*  which  may  be  compared  to  our  modern 
pharmacopoeias,  and  of  which  we  have  any  definite  knowledge, 
is  an  Egyptian  treatise,  preserved  to  us  in  the  Papyrus  Ebers, 
dating  back  to  1552  B.  C.  This  contains  a  large  number  of  formu- 
las, some  of  them  quite  complex,  the  ingredients  being  ordered 
by  certain  weights  and  measures.  Nothing  else  has  been  pre- 
served to  us,  in  the  nature  of  such  a  work,  within  historic  times, 
until  we  descend  to  the  age  of  Hippocrates  (about  460  to  377  B.  C), 
who,  with  his  disciples  founded  a  school  of  medicine,  gradually 
rendering  the  employment  of  formularies,  to  secure  uniformity  in 
the  preparation  of  medicines,  necessary.  Real  formularies,  how- 
ever, were  not  composed  until  much  later,  about  the  time  of  Andro- 
machus,  Nero's  court  physician  (about  60  A.  D.).  After  Galen's 
time,  their  number  gradually  increased,  but  it  was  not  until  about 
the  thirteenth  century  that  more  elaborate  works  (usually  called 
"  Antidotaria")  made  their  appearance.  The  Arabian  physicians 
and  their  translators  during  the  middle  age  considerably  enriched 
the  literature  in  this  direction.  The  first  work  which  really  de- 
serves the  name  of  a  pharmacopoeia  was  composed  by  Valerius 
Cordus,  and  was  published,  after  his  death,  by  the  city  of  Nurem- 
berg, in  1546.  It  was  customary  in  those  times  to  apply  the  name 
of  "Dispensatorium"  to  formularies  of  this  kind,  and  up  to  com- 
paratively recent  times,  the  term  Dispensatory  has  been  used,  in 

♦A  very  exhaustive  article  on  the  subject  of  PharraacopGeias  and  HIstorv  of  Pharmacv,  by  Dr. 
Chas.  Rice,  will  be  found  in  "  A  Reference  Handbook  of  the  Medical  Sciences,"  Vol.  V  ancl  Supple- 
ment Vol.— Wm.  Wood  A  Co.,  N.  Y. 
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various  countries,  in  the  sense  of  our  "pharmacopoeia,"  while  we 
now  usually  apply  it  to  unofficial  commentaries  on  the  latter. 

The  first  United  States  Pharmacopoeia  (in  English  and  Latin) 
was  published  in  Boston  in  1820 ;  this  has  been  followed  since  by 
a  new  edition  every  ten  years,  prepared  by  a  Committee  of  Revision 
appointed  or  elected  by  a  convention  of  medical  and  pharmaceu- 
tical colleges  and  societies.  Nearly  all  foreign  pharmacopoeias  are 
issued  by  the  authority  of  their  respective  governments;  the 
United  States  Pharmacopoeia  is  not  thus  issued,  but  at  the  same 
time  it  is  recognized  by  our  government. 

There  are  a  number  of  smaller  countries  which  have  no  national 
pharmacopoeia,  but  recognize  those  of  other  countries;  among 
these,  the  South  American  States  and  West  Indies,  recognize  gen- 
erally the  Spanish  with,  in  some  instances,  the  French  Pharmaco- 
poeia. In  China,  the  foreign  apothecaries  employ  their  various 
national  pharmacopoeias ;  while  the  natives  usually  follow  a  volu- 
minous work,  entitled  Pun-tsao,  dating  back  to  about  1560  B.  C. 

Any  work  which  takes  up  the  various  ofiicial  (pharmacopoeial) 
and  non-official  remedies,  and  treats  upon  them  exhaustively,  in 
all  their  applications  and  uses  in  Medicine  and  Pharmacy,  is  called 
a  "  Dispensatory." 
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In  earlier  times,  the  different  pharmacopceias  or  treatises  ap- 
peared entirely  in  the  Latin  language;  of  late  years,  however, 
the  text  of  these  works  has  usually  been  written  in  the  native 
language  of  the  country  in  which  it  is  issued,  the  Latin  being 
retained  in  the  various  titles. 

Latin  has  been  retained,  chiefly  because,  being  a  dead  language, 
it  is  not  subject  to  the  various  changes  and  modifications  of  the 
diflferent  modern  tongues.  Even  with  the  employment  of  Latin, 
various  pharmacopoeias  differ  slightly  in  their  nomenclature;  thus 
in  the  case  of  the  chemicals,  one  will  place  the  electro-positive, 
another  the  electro-negative  element  first ;  for  instance,  sulphate 
of  iron  is  variously  named  Ferrum  sulphuricum,  Ferri  sulphas. 
Sulphas  ferri  and  Sulphas  ferrosus.  Some  pharmacopoeias  employ 
the  term  kalium  for  potassium  and  natrium  for  sodium.  In  the 
Dutch,  Danish,  and  Swedish  pharmacopoeias,  the  titles  of  the 
chemical  salts  are  expressed  by  treating  the  base  as  an  adjective 
placed  after  the  general  name  of  the  salt,  corresponding,  for 
example,  to  the  English  "  Sodic  Sulphate."  For  Potassii  acetas 
or  Kalium  aceticum  they  have  Acetas  kalicus;  for  Sodii  bro- 
midum  or  Natrium  bromatum  tfcey  have  Brometum  natricum ; 
for  Bismuthi  subnitras  or  Bismuthum  subnitricum  they  have 
Subnitras  bismuthicus. 

The  various  parts  of  the  text  of  each  article  in  the  U,  S.  Phar- 
macopoeia are  arranged  in  the  following  order  :— 

1.  The  ofBcial  Latin  title. 

2.  The  English  title. 

3.  In  the  case  of  chemicals,  the  symbolic  formula  and  mole- 
cular weight. 

4.  In  certain  cases,  one  or  more  synonyms. 

5.  Definition,  wherever  necessary. 

6.  Mode  of  keeping,  where  necessary. 

7.  Description,  physical,  chemical,  or  botanical,  followed,  where 
necessary,  by  tests  of  identity,  purity,  and  strength. 

8.  Preparations  which  may  be  considered  as  forms  of  adminis- 
tration of  the  drug. 

1st.  The  Official  Latin  Title, — This  is  expressed  in  Latin,  and 
is  intended  to  express  concisely  the  nature  of  the  chemical,  drug, 
or  plant-part  recognized.  The  U.  S.  P.  ignores  all  remedies  not 
included  in  itself,  hence  only  that  part  of  a  drug  or  plant  is 
used  which  it  recognizes.  Thus,  under  the  title  Aconitum,  the 
Pharmacopoeia  refers  only  to  the  tuber y  and  to  no  other  part  of 
the  Aconitum  napellus.  When  two  different  parts  of  a  plant  are 
recognized,  then  the  Latin  name  of  the  particular  part  is  added 
to  the  title;  thus,  *' Belladonna  Folia "  for  belladonna  leaves,  and 
"Belladonna  Radix"  for  the  root.  For  the  galenical  prepara- 
tions, such  titles  are  selected  as  will  most  nearly  indicate  the 
nature  or  the  composition  of  the  preparation,  attention  being 
^ven  also  to  simplicity  and  brevity  of  expression.  Thus,  "  Pulvis 
Ipecacuanhse  et  Opii "  indicates  at  once  the  composition  of  the 


4  HANDBOOK  OF  PHARMACY, 

powder;  but  where  several  constituents  enter  into  the  composi- 
tion of  a  preparation,  the  title  includes  only  the  main  constituent, 
the  remainder  being  indicated  by  the  term  composiius. 

The  various  pharmacopoeial  titles  conform  to  the  rules  of 
Latin  grammar.*  Thus,  we  write :  Solution  of  Potassa,  Liquor 
(nominative)  Potassae  (genitive);  Cyanide  of  Mercury,  Hydrar- 
gyri  (gen.)  Cyanidum  (nom.);  Pills  of  Phosphorus,  Pilulae  (nom. 
plural)  Phosphori  (gen.).  Where  there  are  two  diflferent  oxides, 
iodides,  or  salts  of  the  same  base,  a  distinguishing  adjective  is 
usually  appended  in  order  to  discriminate  between  the  two; 
thus,  we  aistinguish  the  two  chlorides  of  mercury  by  the  adjec- 
tives "corrosivum"  and  "mite,"  respectively. 

When  an  adjective  is  employed,  it  must  agree  in  gender  with 
the  principal  noun;  thus,  the  masculine  form  "comnositus" 
(compound)  becomes  "composita"  with  femiuines,  ana  "com- 
positum"  with  neuters.  We  write  Pulvis  Cretce  Compositus 
(masc.V  Tinctura  Benzoini  Composita  (fern.),  and  Decoctum  Sar- 
saparillee  Compositum  (neut.). 

2d.  The  English  TiUe. — That  is,  the  English  name  which  the 
Pharmacopoeia  selects  or  coins  to  designate  the  article.  Very 
generally,  this  is  identical  with  the  vernacular  name  of  the 
article,  or  that  by  which  it  is  known  in  the  market.  In  some 
cases  the  Pharmacopoeia  coins  a  new  name,  for  valid  reasons. 
In  the  case  of  vegetable  drugs,  the  genus  name  of  the  plant  is 
often  selected  as  the  official  English  title,  so  that  in  many  cases 
the  official  Latin  title  and  the  English  title  are  identical. 

3d.  The  Symbolic  Formula  and  Molecular  Weight — In  writing 
the  symbolic  formulas  of  acids,  the  replaceable  hydrogen  atoms 
are  written  before  the  other  elements  (tnus,HCl,  H2SO4,  H8P04» 
HC2H8O2,  etc.).  A  period  is  used  in  the  case  of  some  com- 
pounds, where  it  is  desired  to  show  the  existence  of  several  inti- 
mately connected  radicals  or  constituents  (thus,  in  Ammonium 
Carbonate,  NH4HCO8.NH4NH2CO2).  Water  of  crystallization 
is  separated  from  the  formula  of  its  salt  by  a  +  sign. 

4tn.  The  Synonym,  that  is,  the  name  by  which  the  article  is 
popularly  known. — Synonyms  are  only  aoded  where  special  rea- 
sons exist ;  for  instance,  where  the  English  title  introduced  by  the 
Pharmacopoeia  is  not  usually  employed  in  commerce,  or  where  a 
change  has  been  made  either  in  the  Latin  or  English  title,  and 
attention  is  to  be  drawn  to  this.  For  example,  under  the  title 
"  Hydrargyri  Oxidum  Rubrum  "  we  have  the  synonyms  "  Red 
Mercuric  Oxide  "  and  "  Red  Precipitate  ;  "  this  latter  name  arises 
from  its  old  title,  "Mercurius  Precipitatus  Ruber.**  Salts  of 
hydrochloric  acid  have  formerly  been  called  muriates,  the  term 
being  derived  from  muria  (salt  water). 

The  term  Cremor  (cr6me)  was  applied  during  the  Middle  Age 
to  substances  which  separated  on  the  surface  of  a  fluid ;  later, 

*  A  good  work  of  reference  Is  Robinson's  "  Latin  Grammar  of  Pharmacy  and  Medicine.** 
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this  term  was  applied  to  all  precipitates ;  hence  this  title  was  given 
to  the  acid  potassium  tartrate  (argols)  which  precipitates  on  the 
sides  of  wine  casks,  being  called  Cremor  tartari,  hence  the  source 
of  the  synonym,  Cream  of  Tartar.  These  synonyms  are  some- 
times misleading  and  inaccurate ;  for  instance,  sugar  of  lead  for 
Plumbi  acetas,  or  white  vitriol  for  Zinci  sulphas,  or  blue  vitriol 
for  Cupri  sulphas. 

5th.  The  PharmacopcBial  Definition. — This  is  not  necessary  in 
all  cases,  but,  where  applied,  it  embraces  in  a  few  words  a  de- 
scription of  the  chemical  or  botanical  nature  and  source  of  the 
substance.  Thus,  the  U.  S.  P.  defines  Coca  as  "the  leaves  of 
Eryihroxylon  Coca  Lamarck  (nat.  ord.  Linese),"  and  Gallic  Acid 
as  "an  organic  acid,  usually  prepared  from  tannic  acid." 

6th.  Modes  of  Keeping. — ^In  those  instances  where  the  prepara- 
tion or  drug  is  sensitive  to  the  influence  of  air,  light,  heat,  etc., 
the  Pharmacopoeia  specifies  that  certain  precautions  should  be 
taken  in  regard  to  its  proper  preservation. 

7th.  The  Description. — This  is  intended  to  be  a  concise  state- 
ment of  the  characteristic  physical  properties  of  the  drug,  followed 
wherever  necessary,  and  particularly  so  in  the  case  of  chemicals, 
by  tests  of  identity  and  purity. 
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CHAPTER  I 

WEIGHTS  AND  MBASUBES  * 

A  perfect  system  of  Metrology  should  bear  a  simple  relation 
to  some  constant  and  indestructible  object,  the  length  or  size  of 
which  is  known  or  can  be  readily  determined  with  accuracy. 
Any  three  units  (of  which  no  one  is  derivable  from  the  other  two) 
may  be  selected  as  fundamental  units.  In  the  systems  in  present 
use  the  units  of  Length,  Mass,  and  Time  have  been  set  aside  as 
fundamental  units,  and  the  various  systems  of  absolute  units 
differ  only  as  to  the  particular  unit  selected  for  measurement  of 
Length,  Mass,  and  Time.  Mass  and  Weight  are  not  identical. 
Mass  is  constant;  it  is  the  quantity  of  matter.  Weight  is  the 
force  with  which  the  mass  is  drawn  toward  the  center  of  the 
earth.  The  weight  of  Mass  varies.  When  a  body  (Mass)  is 
attached  to  a  spiral  balance  (Jolly's)  and  weighed  at  the  sea- 
level,  then  on.a  mountain-top,  it  will  be  found  to  have  decreased, 
and  at  the  equator  it  will  weigh  less  than  at  the  poles.  At  the 
equator  of  the  sun  a  pound  woyld  weigh  27.62  lbs.,  owing  to  the 
difference  in  the  force  of  gravity.  When  we  say  a  body  weighs 
10  pounds,  we  mean  that  the  body  is  drawn  toward  the  earth 
with  ten  times  the  force  with  which  the  standard  pound  is  drawn 
toward  the  earth. 

The  Unit  of  Time  is  the  Second.  This  is  ^^^o(io  ^^  *^^  mean 
solar  day. 

The  Unit  of  Length,  recognized  as  the  standard  in  England 
and  North  America,  is  the  English  Yard  of  36  inches.  The  yard 
and  inch  were  formerly  based  upon  a  standard  yard-stick  in  the 
custody  of  the  British  Board  of  Trade.  Later  on,  it  was  found 
that  a  pendulum  swinging  seconds  of  time  in  vacuo  at  the  level 
of  the  mid-tide  in  the  latitude  of  London,  measured  39.13929 
inches,  such  as  are  derived  from  the  standard  yard.  Should  the 
latter  become  lost  or  destroyed,  therefore,  a  new  standard  yard 
identical  with  the  present  one  may  readily  be  constructed. 

The  Unit  of  Length,  or  absolute  standard,  is  the  Meter j  a 
ten-millionth  part  of  the  earth's  quadrant  (from  pole  to  equator). 
As  this  unit  was  based  on  calculation,  a  practical  standard  was 

*  A  good  work  of  reference  is  Oldberg's  "  Manual  of  Weights  and  Measures." 
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constructed  by  marking  the  above-mentioned  distance  on  a  bar 
made  of  an  alloy  of  Platinum  and  Iridium  (chosen  because  of  its 
great  hardness  and  durability)  preserved  in  the  French  Archives. 
Copies  of  this  were  furnished  to  all  nations  who  bore  a  share  of 
the  expense,  among  others,  to  this  country.  The  meter  is  the 
compulsory  standard  of  measure  in  all  civilized  countries  except 
the  United  States  and  Great  Britain ;  it  is  the  recognized  standard 
for  all  scientific  observations. 

The  Unit  of  Weight. — The  British  standard  Pound  is  a  cer- 
tain mass  of  platinum  in  the  London  Standards  OflBce.  If  one 
cubic  inch  of  distilled  water,  in  vacuo,  weighs  252.892  grains, 
then  the  standard  pound  contains  5760  of  these  grains. 

The  unit  of  weight  is  the  Kilogramme,  a  mass  of  platinum  kept 
in  the  French  Archives,  copies  of  which  were  also  furnished  to 
certain  other  countries,  among  them  the  U.  S.  A.  This  is  the 
weight  of  T^^j^  part  of  a  cubic  meter,  or  the  weight  of  one  cubic 
decimeter  of  distilled  water  at  its  greatest  density  (4°  C). 

Weight  *  has  always  been  determined  from  Measure,  From  the 
remotest  of  times,  we  find  various  physical  standards  of  weight 
and  measure.  The  ancient  Egyptians  employed  the  Cubit  and 
Foot,  for  which  the  human  body  furnished  the  basis.  The  Greek 
Talent  was  obtained  from  a  cubic  foot  of  water,  and  the  Mina, 
or  the  yJtt  P^^  ^f  ^'^is,  is  nearly  identical  with  the  modern 
Pound.  Two  distinct  pounds  have  always  been  in  use,  one  for 
monetary,  and  one  for  commercial  purposes. 

Tlie  oldest  known  set  of  standard  weights  was  discovered  in 
the  ruins  of  Nineveh  by  Mr.  Layard.  The  earliest  standard  in 
England  was  the  old  Saxon  pound,  identical  with  the  old  Apoth- 
ecaries' pound  of  Germany  (5500  Troy  grains).  The  Pound 
Sterling  was  determined  from  this  weight  in  silver. 

In  1266,  Henry  III  decreed  the  following  standards :  "  32  grains 
of  wheat  from  the  middle  of  the  ear,  well  dried,  should  weigh  a 
pennyweight,  of  which  20  should  go  to  the  ounce ;"  twelve  such 
ounces  made  the  pound,  eight  pounds  one  gallon  of  wine. 

The  denomination  of  the  grain  originated  with  the  French. 
The  term  "  Troy,"  as  applied  to  this  system,  is  derived  from  the 
fact  that  it  was  Drought  from  the  East  at  the  time  of  the  Crusades, 
and  first  adopted  at  Troves,  a  commercial  town  of  France.  The 
Troy  weights  were  readily  adopted  by  jewelers  and  apothecaries 
for  the  sake  of  convenience.  The  term  "  Karat "  is  employed  by 
jewelers,  being  equivalent  to  four  Troy  grains ;  when  meant  to 
express  the  fineness  of  gold,  the  karat  means  the  twenty-fourth 
part ;  thus,  14-karat  gold  means  ^  of  gold  and  -J-J  of  base  metal. 
Troy  weights  are  no  longer  employed  in  medicine.    Sometimes 

*  True  and  Apparent  Weli^ht.— The  true  weight  of  a  body  is  ito  weight  "  in  vacuo."  Thea^^xsr- 
en/  weight  is  its  weight  ill  air  ander  ordinary  conditions  of  atmospheric  pressure  and  temperature. 
This  apparent  weight  of  a  body  weighed  In  any  medium,  as  air  or  water,  is  less  than  ita  true  weight, 
tlie  difference  being  the  weight  of  the  air  or  water  disphiced  by  the  body  itself,  less  the  weight  of  the 
air  or  water  displaced  by  the  weights  used.  In  pharmacy  and  ordinary  commercial  weighing  the 
apparent  weight  only  is  considered. 
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the  words  "  Troy  ounce"  are  employed,  meaning  the  apothecaries' 
ounce.    Both  are  the  same,  being,  however,  differently  subdivided. 


Elcbtqner  Sludird  Arolrdupoii  Pound  ot  Queen  Elli^icth.  1.  AaarrUn  Broi 
Wright,  a.  A»yri«n  Sioue  Duck  SUiailKni  WelgbU  4.  Form  of  Moderi 
AvoTrdupolt  Weight.  B.  Offlclil  Secondary  tiundara  PouDd  of  Gilt  Metal.  < 
Brd  oX  pf.Unum.  7.  Plstlnum  TroT  Pound  of  the  Rot»I  Socleir-  S-  PlUlni 
the  Stuidanl  D^irtmenl.  9.  i^tEuiUrd  Imj  Pound  of  1138.  10.  Eichequ 
Pound  of  Queen  Eilmbetli. 

Tboy  Weight. 

24  grains, 1  pennyweight. 

20  pennyweights,    .......  1  onnce 48 

12  OQnoes, 1  poODd, 579 


Grain, Gr.  or  gr. 

Onnce. Oz,  or  oz.  Ti 

PODDd lb. 

•  IllaitnlloD  Uken  (ram  article  \^J  F.  U.  TiflDr,  Wttum  Dnigfitt.  ISM,  p.  ITS. 


iH  Lloo  HUndird 
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Afothbcabies'  Weight. 

20  graius, 1  scrapie. 

3  scrnples, 1  drachm, 60  grains. 

8  drachms, .1  ounce, 480  grains. 

12  oauces, 1  pound, 5760  grains. 


Signs. 


Grain,  . 

Scruple, 

Dradim, 

Ounce, 

Pound, 


Gr.  or  gr. 


AVOmDUPOIS  WEIGHT. 

This  system  first  appears  in  use  at  the  time  of  Edward  III 
(1327-1377),  who  decreed  that  "  we  will,  and  establish,  that  one 
weight,  one  measure,  and  one  yard  be  throughout  the  land,  and 
that  woolens  and  all  manner  of  avoirdupois  be  weighed."  The 
term  "avoirdupois"  is  derived  from  aver  or  avoirs  (Fr.),  meaning 
"  havings,"  the  old  appellation  for  portable  goods,  chattels,  etc., 
and  poids  (Fr.),  meaning  "weight, — '^ aver  de  pois/'  goods  of 
weight.  In  time,  the  terra  lost  its  meaning,  and  later,  at  the  time 
of  Henry  VIII  (1532),  it  was  ordered  that  "  oeef,  pork,  mutton,  and 
veal  shall  be  sold  by  weight"  called  "haverdupois;"  hence,  in 
early  times,  the  term  was  applied  to  goods  themselves,  and  later 
on  to  the  system  of  weights  employed  for  these  kinds  of  goods. 

All  goods  bought  by  the  apothecary  are  weighed  by  the  avoir- 
dupois system.  For  instance,  a  J-ounce  vial  of  morphine  does  not 
contain  \  of  480  grains,  but  J  of  437.5  grains,  or  54.68  grains ;  or 
one  ounce  of  sulphate  of  quinine  is  437.5  grains,  and  not  480. 


Avoirdupois  Weight. 

Avt  c  .*»>;»o  1  ^.i«i^   J  27.34  Troy  grains,  .    .  1  drachm. 

437.5  grains 1  ounce,  j.^^      drachms,    .   .   .  1  ounce. 

16     ounces, 1  pound, 7000  grains. 

100     pounds,         ...  1  hundredweight. 
20     hundredweights,    1  ton. 

Signs. 

Ounce, Oz.  or  oz. 

Pound, lb. 

Hundredweight, cwt. 

Ton, T. 

We  have  one  unit  common  to  all,  viz. :  "  the  grain."  The  Troy 
ounce  contains  42.5  grains  more  than  the  Avoirdupois  ounce. 
The  Troy  pound  contains  1240  grains  less  than  the  Avoirdupois 
pound. 

Avoirdupois,  .    .  437.5  grains  in  ounce,    ....  7000  grains  in  pound. 
Troy, 480.0  grains  in  ounce,    ....  5760  grains  in  pound. 

Difference,         42.5  grains.  1240  grains. 
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The  term  "  grain,"  is  derived  from  Latin  "  granum,"  and  was 
originally  bas^  on  the  weight  of  a  grain  of  wheat  *  as  already 
stated.  Its  value  is  now  derived  from  the  weight  of  a  cubic  inen 
of  distilled  water,  weighed  in  vacuo  against  brass  weights,  at 
60°  F.,  under  a  barometric  pressure  of  30  inches;  this,  according 
to  the  latest  calculation,  is  said  to  be  252.892  grains. 

In  1834,  the  English  standards  of  weight  and  measure,  con- 
sisting of  a  yard  and  a  pound  Troy  of  brass,  were  destroyed  at  the 
burning  of  the  Houses  of  Parliament.  Prior  to  this,  great  con- 
fusion existed,  three  different  gallons  being  in  use:  The  Wine 
gallon  of  231,  Corn  gallon  of  268,  and  Ale  gallon  of  282  cubic 
inches.  After  this,  a  revision  and  restoration  was  resolved  upon, 
since  the  duplicates  of  the  standards  of  brass  had  suflfered  oxida- 
tion. A  cubic  inch  of  distilled  water  weighed  in  air,  against 
brass  weights  (of  density  of  8.3)  at  the  temperature  oif  62°  F., 
and  the  barometer  at  30  inches  (760  Mm.),  was  determined  to  be 
equal  to  252.468*  grains,  of  which  the  standard  Troy  pound  con- 
tains 5760.  As  to  the  unit  of  length,  they  adopted  the  length  of 
a  pendulum,  swinging  seconds  of  mean  time,  in  a  vacuum,  at  the 
level  of  mid-tide  m  the  latitude  of  London  (or  39.13929  inches). 
From  this  is  now  derived  the  new  British  standard  yard,  which 
is  the  length  at  62°  F.,  between  two  marks,  on  the  gold  plugs  of 
a  bronze  bar  in  the  Standards  OflBce,  London,  being  36  of  the 
before-mentioned  inches. 

The  Imperial  gallon  contains  277.24  cubic  inches;  the  Wine 
gallon  being  231  cubic  inches.  In  1826  this  set  of  weights  and 
measures  was  finally  adopted  as  a  rival  to  the  Metric  system, 
which  was  then  being  introduced  from  France.  This  system  is 
now  employed  in  medicine  and  pharmacy  in  Great  Britain.  The 
Imperial  standard  pound  is  declared  to  be  the  true  weight  of  an 
avoirdupois  pound  in  a  vacuum.  The  Imperial  standard  of 
platinum  balances  the  brass  weights  in  a  vacuum.  The  volume 
of  70,000  grains,  or  10  avoirdupois  pounds,  of  pure  water  at  62*^ 
F.,  and  barometer  at  30  inches,  is  the  Imperial  gallon.  The  Im- 
perial pint  is  divided  into  20  fluidounces,  and  weighs  at  62®  F. 
20  avoirdupois  ounces.  The  gallon,  quart,  and  pint  are  nearly 
20  per  cent,  larger  than  the  corresponding  volumes  in  wine 
measure.  The  fluidounce  is  about  four  per  cent,  smaller  than  the 
United  States  fluidounce. 

The  weights  and  measures  employed  in  the  United  States  are 
assumed  to  be  copies  of  the  units  of  length,  and  of  the  old  wine 
and  Winchester  measures,  formerly  employed  in  England,  which 
were  discarded  years  ago. 

In  1827  the  United  States  procured  a  copy  of  the  British  brass 
Troy  pound  for  the  use  of  the  Mint.    This  was  declared  by  law  in 

*The  value  now  employed  bj  the  United  States  Coast  and  Geodetic  Survey  is  252.3»3  grains,  based 
on  the  French  determination  of  the  mass  of  a  cubic  decimeter  of  water  at  iu  maximum  density. 
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1873  to  be  the  "  standard  Trov  pound  of  the  Mint  of  the  United 
States,  to  which  the  coinage  tnereof  shall  be  regulated."  This  is 
the  only  actual  standard  we  have,  a  copy^  of  a  standard  long 
discarded.  Our  wine  gallon  of  231  cubic  inches  was  many 
years  ago  abolished  by  England.  So  our  present  system  of 
weights  and  measures  rests  upon  discardea  standards.  The 
Metric  System  was  made  lawful,  though  not  compulsory,  by 
Act  of  Congress  in  1866. 


United  States  Liquid  Measure. 

(The  unit  of  capacity  for  liquids  is  the  wine  gallon  of  231  cubic  inches.) 

Signs. 

4  gills, 1  pint.  Gill, gi. 

2  pints,         ...  1  quart.  Pint, pt. 

4  quarts,  ....  1  gallon.  Qnart, qt. 

Gallon, gaL 


60  minims,     . 

8  fl.  drachms, 
16  H.  ounces, 

8  pints,     .    . 


United  States  Apothecaries'  oe  Wine  Measure. 

.   .  1  fl.  drachm. 
.  1  fl.  ounce,    .  480  minims. 
.  1  pint,    .   .   .  128  fl.  drachms,  .  7680  minims. 
.  1  gallon,    .    .  128  fl.  ounces,     .  1024  fl.  drachms,  .  61,440  minims. 


Signs. 

Minim, Xt[^, 

Fluidrachm,      fj. 

Fluidounce, 15. 

Pint, O. 

Gallon, Cong.  orC. 


Distilled  Water  at  15 


1  minim, 
60  minims, 

480       " 
7,680       '' 
61,440 


i( 


.  1  fluidrachm, 
.  1  fluidounce, 
.  1  fluid  pint,  . 
.  1  fluid  gallon, 


5*»  C.  (60**  F.). 


0.95  grains  weight. 
56.96 


455.69 
7,291.11 

58,328.88 


it 


60  minims,     . 

8  fl.  drachms, 
20  fl.  ounces, 

8  pints,     .    . 


Imperial  Measure,  B.  P. 

(1  Imperial  Gallon, 277.274  cubic  inches.) 

1  fl.  drachm. 

1  fl.  ounce,    .  480  minims. 

1  pint,    .   .   .  160  fl.  drachms,  .  9600  minims. 

1  gallon,    .   .  160  fl.  ounces,     .  1280  fl.  drachms,  .  76,800  minims. 


Equivalents  of  Imperial  Measure  in  United  States  Fluid  Measure. 

(The  Imperial  Gallon  being  the  weight  of  10  avoirdupois  pounds  of  distilled  water  at  60*^  F.  (15.6°  C). 
Imperial  Measure.  United  States  H't'iM  Measure. 

1  minim, 0.96  minims. 


1  fluidrachm,   . 

.    .    .         57.60 

t( 

1  fluidounce,    .   . 

.   .       460.86 

it 

...    7.68    fluidrachms. 

1  fluid  pint,      .   . 

9,217.34 

i( 

.   .    .  19.202  flnidounces. 

1  gallon,    .   .    .   . 

.    .    .73,738.75 

4( 

...    9.601  pints. 
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We  have  thus  four  difTerent  ounces:  the  Troy  of  480  grains, 
the  Avoirdupois  of  437.5  grains,  the  Fluidounce  of  455.69  grains,* 
the  Imperial  B.  P.  fluidounce  of  460.86  (U,  S.)  minims. 

The  Minim  is  a  very  convenient  unit  of  fluid  measure;  it  is 
nearly  equal  to  the  average  "  drop  "  of  distilled  water.  A  minim 
of  distilled  water  at  normal  temperature  weighs  0.95  grains.  The 
drop  varies  in  size.  The  measurement  of  liquids  by  drops  does 
not  give  uniform  or  accurate  results.  A  drop  is  the  resultant  of 
three  forces, — gravity,  cohesiou,  and  adhesion, — and  as  these  varj', 
so  do  drops  vary  in  size ;  heavy  mobile  liquids  form  small  drops, 
viscid  liquids  form  large  drops.  The  quantity  of  liquid  in  tne 
vessel,  the  rapidity  of  dropping,  the  size  and  shape  of  the  lip  of 
the  vessel  (influencing  the  adhesive  force),  and  the  temperature  of 
the  liquid,  are  all  conditions  which  influence  the  size  of  drops. 

AqneoQS  solutions  average  ....    50  to   60  minima  to  tlie  fluidrachm. 
Fixed  oils  "  65  to   80      "        "  " 

Volatile  oils  -        ....    90  to  110      ' ' 

Alcohol  and  alcoholic  liquids     .  .  190  to  140      "        "   "  '' 

£therealliqaidB(chloroforn))  .   .,  200  to  300      "        "   "  " 

Foreign  pharmacists,  who  are  accustomed  to  weigh  fluids, 
measure  the  fluid  in  drops  for  quantities  weighing  less  than  two 


p««lllnn  of  tttopptr  for  Dropping. 

grammee.  Some  pharmacopceias  state  that,  on  an  average,  from 
20  to  25  drops  of  distilled  water  are  equivalent  to  one  gramme 
(one  cubic  centimeter).  Among  these,  some  give  tables  of  the 
number  of  drops  equivalent  to  the  gramme  of  each  of  the 
ofiicial  liquids.  Thus  water,  aqueous  solutions,  fixed  oils,  heavy 
volatile  oils,  tinctures,  fluid  extracts,  etc.,  may  be  reckoned  as 
20  drops  to  the  gramme,  light  volatile  oils,  ethereal  liquids 
(Spiritus  jEtheria  Compositus,  Spiritus  jT^theris,  etc.),  as  25  drops, 
and  ether  as  50  drops  to  the  gramme.  When  drops  are  to  be 
measured,  the  bottle  should  not  be  over  three-fourths  filled ;  then 
by  means  of  the  stopper,  moisten  the  neck  and  lip,  and  allow 

•VirloualT  >Ut«l  u  «S.«iK,  459.S9M,  ud  UC.eSlI)  gndiu.    Cmuult  OJdberg's  "  Mtnukl  oT 
Wetghti  ladMOBOra." 


14  HANDBOOK  OF  PHARMACY. 

the  liquid  to  flow  slowly  past  the  stopper  held  at  an  angle  to 
the  lip  (Fig.  2).  This  insures  more  regularity  in  the  size  of  the 
drops, and  prevents  the  liquid  from  forming  a  stream. 

There  are  a  great  variety  of  arrangements  for  producing  drops ; 
none  however,  are  capable  of  producing  drops  of  the  same  size 
from  different  liquids. 


villa  for  Produc 


It  is  customary  for  many  pharmacists  to  note  on  the  label  of 
the  dispensing  bottle  the  numher  of  drops  to  the  gramme  in  each 
special  case. 

APPROXIMATE  MEASURES. 
The  following  is  the  approximate  capacity  of  the  various 
household  measures : — 

A  tnmblerrnl, ^S™i- 

A  teacnpful, fj"- 

A  wine^nssftil, fjsij. 

A  tableapoontbl, fSJT. 

A  deeaertepoonnil, (5ii- 

A  teaspooufal fjj. 


WEIGHTS  AND  MEASURES. 
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DROPS  IN  A  FLUIDRACHM. 

A  TABLE  SHOWmO   THX  IflTSIBBB  OF    DBOP8  IH  A   FLUIDBACHM,  ALSO  TIIB  WEIGHT  OF  ONE  FLUI- 
DBACHM  IN  GBA1N8  AND  QBAMVES  FOB  EACH  OF  THE  PBEPABATIONS  NAMED. 

From  a  list  by  8.  L.  I\tlbol,  PHnted  in  ''Bra  Dose  Book,"  and  corrected  to  agree  tcUh  the  U.  8,  P.,  1890. 


Naxb. 


Acetum  Opii 

ScilUe, 

Acidum  Aoetieum, 

Aoeticum  Dllutom, 

Carbolicum, ......... 

Hydrochloncum, 

IHlutum, 

Hydrocyanlcum  Dilatum, .  . 

Lacticum, 

Nkricum, 

Dilutam, 

Nitrohydrochlorieum,  .... 

Phoephorieum  Dilutam, .  .  . 

8ulphuricuoi, 

Aromaticum, 

Dilutuni, 

Sulphuroeum, 

£ther. 

Alcohol, 

Dilatum, 

Aqua, 

Ammonic  Fortlor, 

Destillata 

Balftamum  Peruvlanum, .... 

Bromum, 

Chloroformum, 

Copaiba 

Creoflotum,      

Extractum  Belladonnc  Radicis 
Fluidum, 

Cimlcifugv  Fluidum,  .... 

Cinchonie  Fluidum,  .  . 

Coichid  Radlds  Fluidum, .  . 
Semini8  Fluidum, 

Diffitalis  Fluidum, 

Gebemii  Fluidum, 

Hyoflcyami  Fluidum,   .  .  .  . 

Ipecacuanhn  Fluidum,    .  .  . 

rareine  Fluidum, 

Rhei  Fluidum, 

Sanaparillie   Fluidum  Com- 
posltum, 

8tmegft  Fluidum. 

SerpentariA  Fluidum 

Utk  Uni  Fluidum,      .  .  .  . 

Valerianae  Fluidum,     .  .  .  . 

Veratrl  Viridis  Fluidum,   .  . 

Zingiberis  Fluidum,     .      .  . 

Gljofliinum, 

Liquor  Acidi  Anenmi,    .  .  .  . 

Ammonii  Acetatis, 

Arseni  et  "HydnrgjTi  lodidi, 

Ferri  Citratu 

Nltratis, 

Subeulpbatis, 

Tersulphatis,    ....... 


Ea 
o 
o  < 
MM 

a  a 


90 

68 

108 

68 

111 

70 

60 

60 

111 

102 

60 

76 

59 

128 

146 

60 

59 

178 

146 

137 

60 

66 

60 

101 

250 

250 

110 

122 


I    WEIGHT 
OF  FLUI- 
>  OBACHM. 

^   •         • 


138 
160 
158 


134 
137 
148 
137 
150 
100 
142 


68 
71 


61 

67 

58 

56 

59 

65 

56 

54 

66 

77 

58 

66 

67 
101 

58 

58.6 

56 

39 

44 

49 

55 

50 

53.6 

60 
166 

80 

51 

56.6 


156     57 
147     48 


68 
37 
56 


184  62 

149  49 

160  59 

120  60 

140  51 

158  61 


60 
62 
47 
60 
48 
60 
48 


67     68 
57     55 

75  ;  66 


56 

72 


69  59 
78  83 
88     72 


3.95 
3.69 
3.75 

3.82 
4.21, 
3.62  1 
8.49 
4.25 
4.98 
3.62 
4.27 
3.69 
6.54 
8.43 
8.79 
3JS6 
2.62 
2.86 
8.17 
8.56 
8.24 
3.46 
3.88 
10.69 
6.18 
3.80 
8.66 

8.69 
3.11 
8.75 
8.69 
8JS6 
4.01 
3.14 
3.82 
3.88 
3.72 
3.95 

I  3.88 
4.01 
8.07 
8.88 
8.17 
3.24 
3.11 
4.40 

8.62 
3.56 
4.66 
3.82 
I  5.87 
'  4  66 


Name. 


I  Liquor  Hydrai^H  Nitratls, 
'    lodi  Compositus, 

Potaiine, 

i    Potanii  Anenitls 

So<l»  Chloratte 

!    Zinci  Cbloridi. 

lOleoresina  Aspioii 

Capsioi, 

Cubebn, , 

Oleum  iEtbereum,     .  .  .  .  . 

Amygdabe  Amane,    .  .  .  . 


Exprenum, 
Anisi,     .  .  . 


Bergamottae, 

Carl, 

Caryophylli,     .  .  . 
Cinnamomi,     .  .  . 

Copaiba, 

CuDebee. 

Foeniouli. 

Gaultherui 

Juniperi, 

Lavandulae  Floram, 

Limonig, 

Menthce  Piperitie, . 

Ricini 

Rosce, 

Roemarini,    .... 

Sassafras. 

Terebintninae, .    .  . 

Tiplil, 

Irlti 


Spirftus  JEtheris  Cmnpositus, 

iKtheriB  Nitroai, 

Ammonias  Aromaticos,    .  . 

Chloroform! 

Menthae  Piperita, 

Syrupus. 

Ferri  lodidi 

Tlnotura  Aooniti. 

Belladonna  Foliomm,     .  . 

Cantharidis, 

Cinchona  Composita,  .  .  . 

DigiUlis,       

Ferri  Chloridi 

lodi, 

Nucis  Vomica, 

Xi^i^r^- ::■.:: : 

Deodorati, 

Valeriana, 

Veratri  Viridis, 

Zingiberis, 

I  Vtnum  Colchlci  Radicis, .  .  . 

Colchici  Seminis, 

OpU. 


J.  56  : 

WEIGHT 

2a< 

OF  FLUI- 

= 8 

DRACHM. 

»  - . 

-  — 

-a 

all 

rt  1 

BOPS 
RACH 

4 

QO  , 

123  1 

131 

7.97 

63 

59 

3.82 

62 

68 

3.75 

'  57 

55 

3.56 

,  63 

62 

4.01 

'  89 

88 

5.70 

130 

52  , 

8.88 

120 

51 

3.30 

.  123 

52 

8.36 

125 

60 

8.24 

115 

55 

3.56 

108 

48.5 

3.14 

119 

54 

3.49 

13U 

46 

2.98 

132 

50 

8.24 

180 

57 

3.69 

126 

53.5 

3.46 

123 

49  JS 

8.20 

1  125 

51 

3.30 

125 

58 

3.43 

1  126 

62 

4.01 

148 

49 

3.17 

138 

52 

8.36 

129 

47 

3.04 

129 

50 

8.24 

77 

51.6 

8.38 

132 

47 

3.04 

143 

60 

3.24 

138 

58 

8.76 

136 

iSJH  \  2.94 

104 

60 

8.24 

148 

45 

2.91 

146 

47 

8.04 

142 

48 

8.11 

160 

48 

8.11 

142 

47 

3.04 

66 

72 

4.66 

65 

77 

4.98 

146 

46 

2.98 

137 

63 

3.4:{ 

1  131 

61 

3.33 

1  140 

49 

8.17 

128 

68 

8.48 

150 

68 

3.43 

148 

47 

3.04 

140 

44 

2.85 

130 

68 

;3.43 

130 

62 

8.36 

110 

54 

3.49 

130 

52 

3.36 

145 

46 

2.98 

144 

46 

<  2.98 

107 

56 

8.56 

111 

54 

3.49 

100 

55 

3.56 

METRIC  SYSTEM,  OR  DECIMAL  SYSTEM. 

This  originated  in  France  in  1790,  with  the  selection  of  a  defi- 
nite value,  the  one  ten-millionth  part  of  the  earth's  quadrant, 
the  calculated  distance  from  the  earth's  equator  to  the  pole ;  this 
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value  can  be  calculated  at  any  time  it  may  be  necessary.  Any 
immaterial  object  may  be  taken  as  a  standard  for  a  system,  pro- 
vided it  represents  a  fixed  and  absolute  value,  which  can  always 
be  calculated  and  reproduced,  should  the  standard  be  lost.  This 
is  fulfilled  by  the  Metric  System.  Its  name  originated  from  the 
Greek  word  tiirpov,  meaning  "measure."  The  original  standard 
Meter,  represented  by  the  distance  between  certain  marks  on  a 
bar  of  platinum,  is  preserved  in  the  French  Archives  in  Paris, 
duplicates  of  which  have  been  furnished  to  a  number  of  other 
countries.  It  is  universally  employed  in  scientific  work,  and  is  the 
legal  standard  in  most  European  countries,  except  Great  Britain, 
receiving  official  sanction  in  the  English-speaking  countries. 
Although  Washington  called  the  attention  of  Congress  to  the 
advantages  of  this  system  in  1795,  and  Madison  in  1816,  again 
later  in  1821,  it  did  not  receive  official  recognition  until  the  year 
1 866,  when,  by  act  of  Congress,  it  was  declared  "  lawful  in  the 
United  States  to  employ  the  weights  and  measures  of  the  metric 
system."  It  was  officially  introduced  into  the  Marine  Hospital 
service,  and  later  endorsed  by  various  scientific  societies.  The 
U.  S.  Pharmacopoeia  of  1890  has  adopted  the  system  entirely. 

For  the  student,  in  learning  this  system,  it  is  preferable  to 
refrain  from  comparing  each  term,  mentally,  with  the  correspond- 
ing term  in  the  system  familiar  to  him.  Such  comparisons  or 
conversions  have,  of  course,  frequently  to  be  made,  but  while 
fixing  the  system  into  the  memory,  it  is  best  to  treat  it  independ- 
ently of  any  other  system.  r 

The  Metric  System  is  based  on  the  meter,  which  is  the  standard 
unit  of  linear  measurement. 

The  Standard  Metric  Unit  of  Weight  is  the  weight  of 
one  cubic  decimeter  of  pure  water  at  4°  C,  represented  by  a  piece 
of  metal  preserved  at  Paris,  called  the  Kilogramme, 

The  Standard  Unit  of  Volume  is  the  IMer^  which  is  the 
volume  of  one  cubic  decimeter  of  pure  water  at  4°  C.  (weighing 
one  Kilogramme). 

Of  these  standards,  there  are  a  few  derivatives  commonly 
employed,  namely,  the  cubic  centimeter,  which  is  a  volume- 
capacity  represented  by  a  cube,  each  face  of  which  is  1-100  of  a 
meter,  1000  of  these  constituting  a  Liter. 

The  Gramme  is  the  weight  of  one  cubic  centimeter  of  pure 
water  at  its  greatest  density.  1000  grammes  constitute  the  kilo- 
gramme. 

This  system  is  called  decimal,  since  the  various  units  and  parts 
thereof,  are  derived  from  the  standard  unit  by  a  system  of  deci- 
mals (decem — 10). 

On  the  same  principle  we  divide  our  dollar  into  fractions, 
represented  b}'^  tenths,  hundredths,  or  thousandths,  or  into 
multiples  thereof,  by  tens,  hundreds,  and  thousands.  For  the  sake 
of  simplicity,  a  system  of  prefixes  is  employed  derived  from  Greek 
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numerals  to  express  the  upward  scale,  or  multiple  fractions,  and 
from  Latin  numerals  to  express  the  downward  scale,  or  decimal 
fractions. 


:»?!!?]L    -I  Hecto,' . ' . '  100 
i  Kilo,  .    .   .  1000 


increases 


times. 

tt 


Latin       f  ^l\  ' 
decreases  j^^^' 


1-10 

1-100 

1-1000 


part. 


In  the  following  table  we  find  a  general  view  of  the  system 
with  its  application  of  decimals : — 


1000.       Kilometer,  Km. 

1000.       Kiloliter, 

Kl. 

1000.      Kilogramme,  Kg. 

100.       Hectometer,  Hm. 

100.       Hectoliter, 

HI. 

100.      Hectogramme,  Hg. 

10.       Dekameter,  Dm. 

10.       Dekaliter, 

Dl. 

10.      Dekagramme,  Dg. 

1.       Meter,          M. 

1.       Liter, 

L. 

1.      Gramme,        Gm. 

0. 1     Decimeter,    dm. 

0.1     Deciliter, 

dl. 

0. 1    Decigramme,    dg. 

0.01   Centimeter,  cm. 

0.01   Centiliter, 

cl. 

0.01  Centigramme,  eg. 

O.OOl  Millimeter,  mm. 

0.001  MilliUter, 

ml. 

0.001  Milligramme,  mg. 

M., meter. 

Cm., centimeter. 

Mm., millimeter. 

L., liter. 

Cc.,     cubic  centimeter. 

Gm., gramme. 

Cg., centigramme. 

Mg., milligramme. 


1  milligramme 
10  milligrammes 
100         ^* 
1000         " 


0.001  gramme 

1.       centigramme  =  0. 01  gramme 
10.  *^  1.     decigramme 

100.  "  10. 


tt 


0.1  gramme 
1.0 


kt 


All  of  the  before-mentioned  terms  are  not  in  common  use. 
Of  measures  of  weightSy  the  kilogramme  (often  called  simply 
the  Kilo),  gramme,  centigramme,  and  milligramme  are  usually 
employed  in  pronouncing  a  given  weight.  For  instance,  16.143 
Gm.  is  not  read  "  sixteen  grammes,  one  decigramme,  four  centi- 
grammes, and  three  milligrammes,"  but  "  16  grammes  and  143 
milligrammes." 

Of  measures  of  capacity,  only  the  liter  and  cubic  centimeter  are 
usually  employed. 

Of  measures  of  lengthy  the  meter,  centimeter,  and  millimeter 
are  commonly  in  use.  In  microscopic  work,  the  thousandth  part 
of  a  millimeter  (micromillimeter — mkm ;  also  called  micron,  the 
symbol  of  which  is  m)  is  often  employed. 

One  side  of  the  cube  (Fig.  6)  is  supposed  to  measure  one-tenth 
of  a  meter  or  one  decimeter,  and  if  each  side  be  the  same,  the  ca- 
pacity of  the  cube  represents  one  liter  (1000  Cc.) ;  the  lower  edge 
IS  divided  into  ten  parts,  each  representing  in  length  the  one- 
hundredth  part  of  a  meter,  or  one  centimeter ;  the  capacity  of  a 
cube  constructed  on  this,  represents  one  cubic  centimeter,  which 
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wlien  filled  with  pure  water  at  4°  C.  weighs  one  gramme ;  the 
upper  edge  is  subdivided  into  centimeters  {i^)  and  millimeters, 

For  the   purpose  of  approximately  converting  terms  of  the 
Metric  into  our  own  United  States  system,  and  rice  rersa,  it  ia 


Metrlo  Dlicnm— Comp>rlK>n  of  Haium  ot  Length,  Cipacllr,  Wrigbt. 

not  necessary,  for  practical  purposes,  to  apply  a  series  of  rules, 
but   merely  to  remember   the   comparative   value  of  the  chief 

standards.     For  instance  : — 

1  meter  (for  meaanree  of  length) 39.37  iDcbes. 

1  gramme  (for  meaaares  of  weight) 15.432  grains. 

1  cubic  centimeter  (for  measures  of  capodty),  ISroinima  (30Cc.  =  ]  U.  S.  flQidounce). 
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From  these  we  can  readily  calculate  the  different  values : — 

1  meter, 39.37  inches. 

1  decimeter, 3.93      ** 

1  centimeter, 0.39      "       or  abont  |  of  an  inch. 

1  millimeter, 0.039    "        '*      "     ^  *' 


ti      t( 


1  gramme, 15.432    grains. 

Itftcimatar,  jjiACN^>^v>vs|   .   .    1.5432 

1  coptimotioii    </opfcCtt^-^«v^  .    0.15432     "     or  about  4  of  a  grain. 
1  milligramme,     .   .  X   .   .    .   .    0.015432   **      "      "     ^  **  "     ** 
1  kilogramme, 16432.    "       "      **    2.2  av.  lbs. 

1  cubic  centimeter, 16  minims,  or  about  \  U.  S.  fluidrachm. 

4  Cc, 1  fluidrachm. 

16CJC., 4  " 

32  Cc, 1  fluidounce. 

500  Cc,, 16.9  fluidounces. 

1000  Cc, 33.8  " 

The  above  figures  are  approximately  correct  and  answer  for  all 
practical  purposes. 

For  table  of  equivalents  of  the  various  systems  refer  to  the 
Appendix. 

For  reading  and  writing  the  various  quantities  of  the  Metric 
system,  the  following  examples  may  be  given : — 

25  grammes  are  written, 25.0      (25X1.0, 25.0 

25  decigrammes  are  written,  ...    2.5      (25  X  0.1, 2.5 

25  centigrammes '*        **        ...    0.25    (25X0.01 0.25 

25  miUigrammes  "        **        ...    0.025  (25  X  0.001,  ....    0.025] 


or 


1000.0     or  1  Kilo, 1  Kg. 

500.0      "  i  Kg. 
250.0      "  \  Kg. 

10.0      (100X0.1 10.  ) 

1.0      (100  X  0.01,  ....    1.0) 
0.1      (100X0.001,    ...    0,1) 

1000  cubic  centimeters  are  written, 1000  Cc,      or  1  Liter. 

500     "  "  "        "  500Cc.,       '*i      " 

250     "  **  "        "  250Cc,       **J     ** 


1(X)0  grammes  are  written, 
500        **         "        " 
250        **  " 

100  decigrammes  are  written, 
1  ( H)  centigrammes  *  *        *  * 
100  milligrammes '*        ^' 
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EQUIVALENTS  OF  METRIC  WEIGHTS  AND  MEASURES.* 


Avoirdupois  Wbioht  in  Grammes. 


Troy  Weight  nr  Grammes. 


i 


1-16  OS. 

02. 
OZ. 

oz. 
Ota. 

02S. 
0Z8. 

ozs. 

OKS. 

ozs. 

ozs. 

ozs. 

oxs. 

ozs. 

ozs. 

ozs. 

ozs. 

ozs. 
pound 
pounds 

3  pounds 

4  pounds 

5  pounds 

6  pounds 

7  pounds 

8  pounds 

9  pounds 
10  pounds 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 

2 


1.772 
3.544 
7.068 
14  175 
28.350 
66.699 
8.').049 
113.398 
141.748 
170.098 
198.447 
226.796 
2.75.146 
283.496 
311.846 
340.195 
367.544 
396  894 
425.243 
45:^.592 
907.18 
1360.78 
1814.37 
2267.96 
2721.56 
8175.14 
3628.74 
4082  33 
6435.92 


gnunmes. 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes, 
grammes. 


U.  S.  Fluid  Mbasurb  in  Cubic  Ckntimkters. 


1  minim 

2  minims 

3  minims 

4  minims 
6  minims 

10  minims 
20  minims 
30  minims 

1  fluidrachra 

2  fluidruchms 
8  fluidraehras 

4  fluidrachms 

5  fluidrachms 

6  fluidrachms 

7  fluidrachms 

1  fluidounce 

2  fluidounc<» 

3  fluidounces 

4  fluidounces 
6  fluidounces 

6  fluidounces 

7  fluidounces 

8  fluidounces 
1  pint 

1  quart 
1  gallon 


.06  cubic  centimeter. 
.12  cubic  centimeter. 
.18  cubic  centimeter. 
.25  cubic  centimeter. 
.81  cubic  centimeter. 
.62  cubic  centimeter. 
1.23  cubic  centimeters. 
1.85  cubic  centimeters. 
3.70  cubic  centimeters. 
7.39  cubic  centimeters. 
11.09  cubic  centimeters. 
14.79  cubic  centimeters. 
18.48  cubic  centimeters. 
22.18  cubic  centimeters. 
25.87  cubic  oentimeteni. 
29.57  cubic  centimeters. 
59.14  cubic  centimeters. 
88.72  cubic  oentimetern. 
118.29  cubic  centimeters. 
147.86  cubic  centimeters. 
177.44  cubic  centimeters. 
207.01  cubic  centimeters. 
236.59  cubic  centimeters. 
473.17  cubic  centimeters. 
946.35  cubic  centimeters. 
8785.51  cubic  centimeters. 


Metric  in  United  States  Fluid  Measure. 


1  cubic  centimeter  ■=  16.23 

2  cubic  centiiueters  —  32.46 

3  cubic  centimeters  =  48.69 

4  cubic  centimeters  =  1.08 

5  cubic  centimeters  —  1.35 
10  cubic  centimeters  =  2.71 
25  cubic  centimeters  =  6.76 
30  cubic  centimeters  —  1.01 
50  cubic  centimeters  ^  1.69 

100  cubic  centimeters  =  3.38 

500  cubic  centimeters  =  16.90 

1000  cubic  centimeters  =  38.81 


minims. 

minims. 

minims. 

fluidrachms. 

fluidruchms. 

fluidrachms. 

flnidrachms. 

fluidounce. 

fluidounces. 

fluidounces. 

fluidounces. 

fluidounces. 


1-100  grain 

= 

0.00060 

igrammeL 

1-64 

grain 

5— 

0.00101 

grammei 

/^ 

grain 

S3 

0.00810 

1  gramme. 

1^ 

grain 

as 

0.01 62C 

1  gramme. 

yL 

grain 

= 

0.03:^40  gramme. 

1 

grain 

= 

0.0648 

gramme. 

i^ 

grains 

= 

0.0972 

gramme. 

2 

grains 

=a 

0.1296 

gramme. 

5 

grains 

= 

o..'r2:)9 

gramme. 

10 

grains 

= 

0.6479 

gramme. 

20 

grains 

= 

1.2960 

grammes. 

30 

grains 

= 

1.9440 

grammes. 

60 

grains 

(1  troy  draclim) 

= 

3.8880 

grammes. 

2 

drachms 

= 

7.7760 

grammes. 

4 

drachms 

= 

16.5520 

grammes. 

1 

ounce 

s-= 

31.1035 

grammes. 

2 

ounces 

= 

62.201 

grammes. 

3 

ounces 

= 

93.31 

grammes. 

4 

ounces 

= 

124.41 

grammes. 

6 

ounces 

i= 

155.51 

grammes. 

6 

ounces 

= 

186.62 

grammes. 

7 

ounces 

*= 

217.72 

grammes. 

8 

ounces 

= 

248.82 

granmies. 

9 

ounces 

^ 

280.00 

grammes. 

10 

ounces 

= 

311.03 

grammes. 

11 

ounces 

= 

342.14 

grammes. 

12 

ounces 

= 

373.24 

grammes. 

14 

ounces 

= 

435.44 

grammes. 

16 

ounces 

= 

497.65 

grammes. 

24 

ounces 

.=s 

746.48 

grammes. 

48 

ounces 

= 

1492.95 

grammes. 

100 

ounces 

ss 

3110.40 

grammes. 

U.  S.  in  Metric  Linear  Mkasi-re. 


inch 

jincfa 

'/4  inch 

1  inch 

2  inches 
8  inches 
4  inches 
6     inches 

6  inches 

7  inches 

8  inches 

9  inches 

10  inches 

11  inches 

12  inches 


6.35  millimeters. 
12.70  millimeters. 
19.05  millimeters. 

2.54  centimeters. 

6.10  centimeters. 

7.62  centimeters. 
10.20  centimeters. 
12.70  centimeters. 
15.24  centimeters. 
17.78  centimeters. 
20.32  centimeters. 
22.86  centimeters. 
25.40  centimeters. 
27.94  centimeters. 
30.48  centimeters. 


Metric  Weights  in  Grains. 


.060  gramme 
.100  gramme 
.260  gramme 
.600  gramme 

1  gramme 

2  grammes 

3  grammes 

4  grammes 

5  grammes 
10  grammes 
25  grammes 
60  grammes 

100  grammes 

600  grammes 

1000  grammes 


.772 

1.543 

3.858 

7.716 

15.4.32 

30.865 

46.297 

61.729 

77.162 

154.323 

385.809 

771.617 

154.3.2.3.1 

7716.174 

154:)2.350 


grain. 

grains. 

grains. 

grains. 

grains. 

grains. 

grains. 

grains. 

grains*. 

grains. 

grain.4. 

grainK. 

grains. 

grains. 

grains. 
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WEIGHTS. 

Weights  are  small  pieces  of  metal  (or  glass,  etc.)  so  adjusted  as 
to  correspond  with  the  legal  standards.  Commercial  weights  are 
of  iron,  brass,  or  bronze.  Analytical  weights  are  made  of  brass, 
and  should  be  plated  with  either  gold  or  platinum,  to  protect 
them  from  corrosion  or  oxidation,  which  usually  takes  place  in 
brass  or  other  metals.  Those  of  smaller  denomination,  from  0.5 
Gm.  down,  are  usually  made  of  aluminum  or  platinum.  Weights 
of  agate  are  also  to  be  had ;  the  value  of  these  is  at  once  apparent. 


THE  BALANCE. 

The  balance  is  any  instrument  based  upon  the  principle  of  the 
equal  or  unequal  lever,  for  determining  the  relative  weights  or 


Fig.  7. 


M'Bil>Wi'M.il'  ■     ii'ii  i|« 


BftlanoQ. 


masses  of  bodies.  A  balance  consists  of  an  inflexible  metallic 
beam  (A  B)  supported  horizontally,  exactly  over  its  center  of 
gravity,  by  the  fulcrum  (n),  which  consists  of  a  steel  or  agate 
prism,  passing  through  the  beam,  and  resting  with  its  sharp  edge 
upon  two  supports  of  steel  or  agate.  At  the  extremities  of  this 
beam,  pans  are  suspended  in  such  a  manner,  that  they  may  turn 
freely  about  axes  passing  through  the  extremities  of  the  beam, 
and  parallel  to  its  axis  of  rotation.  Thus  we  have  three  steel  or 
agate  edges;  the  middle  one  edge  downward  supporting  the 
beam,  and  those  at  the  extremities  edge  upward.    On  these  are 
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supported  the  agate  or  steel  plates  to  which  the  pans  are  attached. 
Every  equal-arm  balance  possesses  three  important  points, — the 
fulcrum  (point  of  support)  and  the  extremities  of  the  two  arms. 
At  one  extremity  the  force  acts,  and  at  the  other  the  weight. 
The  two  arms  must  be  precisely  equal  in  length,  the  pans  must 
also  be  of  equal  weight.  To  prove  these  two  conditions,  place 
two  equal  weights,  one  in  each  pan,  until  the  beam  becomes 
exactly  horizontal,  as  shown  by  uie  pointer ;  then  interchange 
the  weights,  and  it  will  remain  horizontal  if  the  arms  are  equal. 
The  center  of  gravity  of  the  lever  or  beam  should  be  as  near  as 
possible,  yet  immediately  beUyw,  the  fulcrum. 

In  Fig.  8  the  effect  of  a  change  in  the  position  of  the  -center  of 
gravity,  is  shown  by  raising  or  lowering  the  fulcrum  c  by  means 
of  screw  b.  When  the  fulcrum  is  at  tne  top  of  the  groove,  the 
center  of  gravity  of  the  beam  is  below  its  edge,  and  the  latter  os- 
cillates freely  about  a  position  of  stable  equilibrium.  By  lower- 
ing the  fulcrum  it  may  be  brought  to  the  exact  center  of  gravity, 
where  the  beam  no  longer  oscillates,  but  remains  in  equilibrium 

Fig.  8. 


Beam  with  Movable  Fulcrum. 


in  all  positions.  When  the  fulcrum  is  brought  below  the  center 
of  gravity,  the  beam  is  in  a  state  of  unstable  equilibrium  and  is 
overturned  by  the  least  displacement. 

In  balances  for  heavy  weights,  the  center  of  gravity  is  placed 
lower  than  in  delicate  instruments,  for  by  this  arrangement  the 
beam  oscillates  more  readily,  though  it  requires  a  larger  weight 
to  start  it. 

Single  Beam,  Equal-Armed  Lever  Balances. — In  a  delicate 
or  analytical  balance,  the  axes  of  rotation  are  formed  by  agate 
knife  edges  bearing  on  polished  agate  plates.  The  beam  is  pro- 
vided with  three  agate  edges,  the  middle  one,  edge  downward, 
serving  as  support  of  the  beam  itself,  and  those  at  the  extremities 
with  knife-edges  upward,  on  which  are  supported  the  agate  plates, 
to  which  the  pans  are  attached.  The  beam  is  made  as  light  as  pos- 
sible. There  should  also  be  a  frame  support  to  both  the  pans  and 
beam,  so  that  the  beam  may  at  any  moment  be  released  from 
contact  with  the  agate  plates,  and  the  delicate  knife-edges  may  not 
sustain  injury  from  pressure  or  shocks.  In  order  to  define  the 
position  of  the  beam  of  the  balance,  a  long  metal  pointer  is  fixed 
to  it  and  oscillates  with  it.    A  small  graduated  index  is  fixed 
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near  the  base  of  the  pillar  and  the  motion  of  the  beam  is  observed 
by  noting  the  motion  of  the  pointer  along  this  index.    When  the 
balance  is  in  good  adjustment,  the  pointer  should  be  opposite  the 
central  mark  of  the  in- 
Pjq  g  dex,ehowing  the  beam 

to  be  horizontal. 
Levels  should  be 
placed  in  the  glass 
case  containing  the 
balance,  to  show  that 
it  is  in  proper  position, 
for  a  balance  must 
always  stand  perfectly 
level.  A  balance  is 
delicate  when  a  very 
minute  difference  be- 
tween the  weights  in 
the  pans,  causes  a  per- 
ceptible deflection  of 
the  pointer.  To  assist 
this,  the  beam  should 
be  as  light  as  possible 
consistent  with  its  rig- 
idity. Since  fridion 
opposes  the  action  of  the  forces,  the  number  of  points  of  friction 
should  be  as  few  as  possible,  and,  in  addition  to  this,  the  edges 
upon  which  the  beam  and  pans  are  supported,  should  be  made  as 
hard  as  possible;  hence  agate  is  chosen  with  preference,  as  it  is 
not  liable  to  corrosion,  like  steel.  In  the  more  accurate  balances, 
the  beam  is  divided  into  ten 
parts    with    subdivisions,    in-  Fio.  lo. 

dicating  milligrammes  and 
tenths  thereof  Above  the 
beam  is  a  brass  rod,  provided 
with  a  small  hook,  which  can 
be  moved  back  and  forth  from 
the  outside.  By  its  aid  a 
small  weight,  in  the  form  of  a 
bent  wire  called  a  rider,  usu- 
ally weighing  1  milligramme, 
may  be  placed  on  any  of  the  i 
divisions  of  the  beam.  By 
means  of  this,  minute  weigh- 
ings may  be  made  where  larger  FreMnption  biUims. 
weights  are  not  suitable.     In 

weighing  a  body  on  an  analytical  balance,  place  it  clean  and  dry 
upon  one  pan,  then  place  a  corresponding  weight  on  the  other 
pan,  and  slowly  remove  the  frame  supports  of  the  arm  and  pans 
by  means  of  the  key ;  if  on  so  doing,  the  indicator  shows  that  one 
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pan  is  heavier  than  the  other,  restoi;^  the  supports  and  change 
the  weights  accordingly,  continuing  this  until  the  pointer  swings 
equally  about  the  center  point,  or  remains  stationary  at  the  center. 
What  has  been  said  about  the  analytical  balance  also  holds 
good  for  the  prescription  balance. 


Never  load  or  unload  a  pan  wlien  the  beam  is  rotating,  but  first 
arrest  the  scale-pans. 

Weights  should  be  placed  and  removed  by  means  of  a  pair  of 
ivory-pointed  pincers. 

Loads  and  weights  must  be  placed  on  the  pan  carefully,  and 
not  suddenly. 

In  weighing  powders,  employ  watch-glasses,  which  should  have 
been  carefully  adjusted  to  equilibrium. 

No  fuming  liquids  should  be  weighed  on  a  delicate  balance, 
unless  in  a  properly  closed  vessel, 

Each  object,  before  being  weighed,  should  be  wiped  perfectly  dry. 

Before  attempting  to  load  any  balance,  first  see  that  the  "beam 
moves  freely  about,  and  finally  rests  in  a  state  of  equilibrium. 

An  analytical  or  prescription  balance  should  be  kept  in  a  dry 
and  clean  room,  where  there  is  but  little  variation  of  temperature, 
and  should  be  enclosed  in  a  suitable  glass  case. 

A  balance  should  never  be  overloaded.  Each  one  has  its  safe 
limit  of  capacity,  and  suffers  accordingly  when  overtaxed. 

It  is  customary  to  place  a  wide-mouthed  flask  or  capsule  con- 
taining sulphuric  acid  or  calcium  chloride  inside  of  the  balance 
case,  to  keep  the  air  as  dry  as  possible. 

Hand  Scales. — ^This  form  of  scale  consists  of  a  brass  beam 


Fropar  W«t  of  BoUlng  Hind  Scales. 


with  a  central  knife  edge,  which  is  enclosed,  to  protect  it  from  dust 
and  corrosion  as  much  as  possible.  The  two  pans  are  of  horn 
supported  by  silken  cord  from  wire  hooks,  which  are  hung  from 
perforations  in  each  end  of  the  beam ;  a  pointer,  perpendicular  to 
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the  beam,  oscillates  between  the  supporting  arms.  In  weighing, 
the  scales  should  be  grasped  by  the  nook  above  (Fig.  12),  between 
the  thumb  and  fore-finger,  the  equilibrium  of  the  beam  being  pre- 
served by  holding  the  fourth  and  fifth  fingers  on  either  side.  While 
the  pans  are  loaded,  any  slight  deviation  ki  either  side  is  felt  at  once 
by  the  indicator  oscillating  to  the  right  or  left;  before  the  material 
is  removed,  the  balance   should   be  p.      -, 

allowed  to  swing  free.  These  hand 
balances,  with  care,  can  be  used  for 
weighing  quantities  as  low  as  one  centi- 
gramme. They  should  not  be  em- 
ployed for  weighing  alkaloids  or  po- 
tent drugs.  For  Uiia  purpose,  only 
the  sensitive  prescription  balance  (Fig. 
10)  should  be  employed. 

A  similar  form  called  the  Army  Bal- 
ance (Fig.  13),  in  which  the  beam  is 
supported  upon  a  rigid  pillar,  is  very 
convenient  for  prescnption  use,  but  in- 
asmuch as  they  are  made  of  brass  and  all  the  metal  bearings  are 
exposed,  they  soon  corrode ;  the  sensitive  parts  become  filled  with 


injr  PruerlpllDU  Salu. 


Ocnatar  BaUDO& 


dust,  and  the  balance  becomes  worthless.    Such  a  balance  should 
be  kept  under  a  glass  cover  protected  from  moist  air  and  dust. 
Fig.  14  illustrates  a  form  of  Counter  Balance,  which  is  very  con- 
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venient  and  quite  accurate.  They  should  be  lacquered  to  prevent 
rusting. 

Figs.  15, 16  illustrate  two  forms  of  the  counter  scale,  in  which 
the  pans  are  above  the  beams ;  the  one  (Fig.  16)  is  provided  with 


Fio.  16. 


Fig.  15. 


Counter  Balance  (Laboratory). 


Counter  Balance  (Diapenaing). 


a  graduated  parallel  bar,  upon  which  a  poise  slides  back  and 
forth.    This  is  very  useful  for  counterpoise  weighing. 

Single  Beam,  but  Unequal-Armed  Lever  Balances. — The 
simplest  form  of  these  is  the  old  steelyard  or  Roman  balance,  in 
which  only  the  shorter  arm  bears  a  pan ;   the  longer  arm,  by 

Fig.  17. 


Gorham  Dispensing  Balance. 


means  of  notches,  is  divided  into  a  scale,  over  which  slides  a 
counterpoise  weight.  An  embodiment  of  this  same  idea  is  the 
Gorham  dispensing  balance  (Fig.  17)  in  which  a  rod  or  tube,  slid- 
ing within  a  tubular  arm,  replaces  the  external  movable  weight. 
The  same  principle,  is  shown  in  the  Fairbank's  druggists'  scale, 
in  which  the  inequality  in  the  length  of  a  beam  permits  the  use 


WEIGHTS  AND  MEASURES.  27 

of  a   sliding   counterpoise  weight  along  the   longer  graduated 
arm.    This  possesses  the  advantage  that  it  dispenses  with  the 
use  of  small  weights.     Fig. 
F'o-  18.  19  illustrates  a  new  form 

of  Double  Beam  and  Un- 
equal-Armed Balance, 
which  is  specially  adapted 
for  weighing  licjuids.  It 
will  weigh  liquids  up  to 
ten  kilos  and  over  with  an 
accuracy,  that  cannot  be 
approached  by  ordinary 
methods.  The  scale  is 
provided  with  two  weigh- 
ing beams  and  sliding 
poises.  One  of  these  is 
FiirtHDk'a  Dniggiiu' Sole.  divided  iuto  One  hundred 

parts,  each  part  represent- 
ing one  gramme;   the  other  beam  is  divided  into  ten  parte, 
each  representing  one  hun- 
dred   grammes.      A    bar  "' 
with    a    sliding    poise  is  i 
placed  under  and  between 
the  weighing  beams,  for 
the  purpose  of  balancing 
the  empty  bottle  or  con- 
tainer, which   is   quickly 
done  by  sliding  the  poise 

along  the  bar  until  equi-  „  ,      ^  „^^,    „  ,. ., 

hbnura  is  secured. 

A  convenient  form  of  vest-pocket  prescription  scale  based  on 
this  principle,  is  that  made  by  Shepard  &  Dudley,  of  New  York. 


Pb  j^lui'i  VeiUpoeket  Soila. 


It  is  very  convenient  for  physicians,  and  answers  very  well  as  a 
substitute  for  the  horn-pan  balance. 

Compound  Lever  Balances. — This  system  is  based  on  the 
old  Robervahl  balance,  in  which  the  pans  are  above  a  system  of 
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levers  (which  is  usually  concealed  in  a  box).  In  thig  system, 
practical  convenience  and  rapidity  are  gained,  at  tlie  expense  of 
accuracy.  The  great  objection  to  this  form  is  that  it  will  never 
vibrate  as  smoothly  as  the  other  forms  of  balances,  because  of  the 
great  friction  in  the  numerous  pivots.    The  Counter  Scale,  illus- 


trated in  (Fig.  21),  is  constructed  upon  this  principle,  having  a 
large  number  of  points  of  friction. 

The  Box  Prescription  Scale  (Fig.  22)  is  constructed  upon  this 
same  principle.    These  scales  are,  indeed,  very  convenient,  being 
enclosed  and  protected  from 
Fm.  28.  dast  and  air.    They  do  not, 

however,  long  retain  their 
accuracy,  hence  are  not  well 
adapted  for  prescription  use. 
These  defects  of  the  Com- 
pound Lever  Balance  have 
been  overcome  to  a  great 
extent  by  the  Springer  Tor- 
sion Balance,  in  which  the 
knife  edge,  upon  which  the 
old  form  of  balance  depends, 
Boipre.ortptionsc.te  "3   replaced    by  thin    steel 

springs,  stretched  tightly 
between  bearings,  the  center  of  the  b«im  being  fastened  to  the 
center  of  the  strained  spring  and  at  right  angles  to  it.  Under  this 
condition,  the  beam  will  vibrate  precisely  as  an  ordinary  beam, 
balanced  upon  knife  edges.  Torsional  resistance  tends  to  bold 
the  beam  in  a  horizontal  position.  This  is  overcome,  however, 
by  placing  an  adjustable  weight  (supported  on  a  perpendicular 
rod  attached  to  the  beam)  just  over  the  center  of  gravity ;  this 
has  the  tendency  to  produce  unstable  equilibrium,  and  induces 
vibration  to  either  side.  This  weight  (ball)  can  be  raised  or 
lowered  on  the  perpendicular  rod,  thereby  regulating  sensitive- 
ness {Fig.  23);  it  is  now  replaced  by  two  smaller  weights,  one 
on  either  side  of  the  central  frame  (Fig.  24).    From  the  illustra- 
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tions,  the  balance  will  be  seen  to  consist  of  two  beams  (upper  and 
lower),  supported  on  three  frames  of  like  size.    Over  each  of  these, 


TonloD  CoDDler  Sola. 


a  steel  wire  (band)  is  stretched,  which  forma  the  support  for  the 
beam. 

Figs.  23,  24,  illustrate  two  forms  of  counter  scale  which. are 
sensitive  to  J  grain,  and  will  carry 
20    pounds    without     injury.     The  Fio.  S5. 

one  shown  in  figure  24,  is  provided 
with  a  triple  graduated  beam  with 
sliding  weight,  inside  the  glass  case; 
this  beam  is  graduated  in  the  Metric, 
Troy  and  Avoirdupois  systems.  Fig. 
25,  illustrates  the  prescription  bal- 
ance, enclosed  in  a  glass  case  with 
rider  and  adjustment,  by  means  of 
which,  from  |  grain  to  8  ounces  can 
be  weighed  with  the  upper  half  of  the 

graduated  beam,  an<f  from  J  centi-  Tor.i™  PT»cHptioo  sci. 

gramme  to  5  decigrammes,  with  the  lower  half.    The  balance  is 
said  to  be  sensitive  to  ^  of  a  grain. 


The  j)rincipal  advantage  possessed  by  this  balance,  is  its  freedom 
from  friction ;  hence  its  greater  accuracy ;  the  only  objection  it  is 
open  to,  is  the  unavoidable  rigidity  of  the  elastic  wires. 
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Cabe. — The  Counter  scale  should  be  placed  od  a  firm,  level 
surface,  where  it  will  not  be  exposed  to  any  jarring  or  corroaive 
vapors.  It  should  be  frequently  cleansed  with  soft  leather,  care 
being  taken  to  remove  particles  of  dust  that  may  collect  on  any 
exposed  points;  when  used,  the  pans  should  always  be  covered 
with  counterbalanced  pieces  of  glazed  paper,  to  avoid  the  adher- 
ing of  moistpowder8,which,  in  time,  would  cause  corrosion;  when 
the  pans  are  to  be  cleaned,  they  are  best  washed  with  warm  soap- 
suds and  well  dried.  Never  ecour  the  pans  or  any  of  the  working 
parta  of  a  balance. 

Weights. — ^The  commercial  weights  are  usually  circular  and 
flat;  the  older  styles  were  made  cup-shaped,  fitting  one  into  the 
other.    These  forms  will  answer  very  well  for  commercial  pur- 


dupoli  Iron  Wd^u. 


Metric  Iron  Welgbu. 


poses,  for  weighing  by  the  pound,  but  will  never  do  for  weighing 
small  amounts,  where  any  degree  of  accuracy  is  required,  since, 
owing  to  the  numerous  cavities,  filth  is  apt  to  collect  in  them.  It 
is  always  preferable  to  buy  the  so-called  Block-weiffhU,  lacquered. 
These  are  conveniently  arranged  in  regular  order  in  a  wooden 
block,  thus  enabling  the  user  readily  to  find  any  desired  weight ; 


Pmcriptlon  Welgbd  (Ustric). 


\n>]Ttk^  Weli^ts. 


also,  they  do  not  receive  the  rough  usage  and  wear  in  handling, 
as  the  cup-shaped  form.  Every  apothecary  should  be  provided 
with  a  set  of  accurate  prescription  weights  (Fig.  31) ;  these  usually 
come  in  wooden  blocks  with  hinged  covers,  and  are  generally 
made  of  brass,  except  those  of  denominations  from  10  grains,  or 
from  500  milligrammes  down,  which  are  usually  made  of  alumi- 
num.   Each  box  of  weights  should  be  provided  with  a  pair  of 
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smooth-pointed  pincers  (preferably  tipped  witli  ivory),  for  tlie 
purpose  of  handling  the  weights. 

Never  fiandte  prescription  or  analytical  weighU  with  the  fingers. 


ifHAm.//  \\iwm\ 


99999^9 


Alamltiuni  Wlrs  Walgfata. 


The  apothecaries'  coin  br^  weights,  as  usually  employed 
throughout  the  country,  are  very  inaccurate,  owing  to  the  careless, 
cheap  manufacture,  aud  constant  rough  handling  and  corrosion. 
The  brass-foil  grain  weights  are  subject  to  the  same  objection ;  the 


FlOS.  35,  36.  37,  38. 
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Apolhecaria'  Cala  Wsl^hli. 


Bnu-tolt  Qnin  Wtlghts. 


BrwMMrlcWelgbU. 
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Weighta. 

best  form  of  grain  weights  are  those  of  aluminum  wire,  their 
angular  form  rendering  them  easily  distinguishable;  these  do 
not  corrode. 
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MEASURING  FLUIDS. 
For  the  measurement  of  fluids,  the  apothecarv  employs  almost 
altogether  the  glass  graduate.    This  has  entirely  supplanted  the 
old  form  of  porcelain  measuring  cup,  which 
Fio.  39.  being  graduated  inside,  made  it  very  difiicult 

to  measure  off  fluids  with  any  degree  of  accu- 
racy. Glass  graduates  are  now  furnislied  in 
various  forms  and  designs;  the  tumbler-shaped 
is  generally  preferred,  hecause  of  the  ease  with 
which  it  is  cleaned.  These  are  recommended 
for  measuring  quantities  over  one  fluidounce 
(30  Cc).  Because  of  its  smaller  diameter  near 
the  bottom,  the  conical  form  admits  the  meas- 
uring of  the  smaller  quantities  with  more 
accuracy;  however,  some  forms  of  these  are 
not  as  easily  cleansed  as  those  of  wider  bottom.  Lately,  an  im- 
provement has  been  made  by  graduating  measures  doubly ;  upon 
one  side,  the  U.  S.  fluid  measures  are  marked,  while  on  the  other, 
measures  of  the  metric  system  are  indicated.  For  the  accurate 
measurement  of  smaller  volumes,  small  graduated  cylinders  are 
preferably  employed.  These  are  graduated  into  fluidrachms  and 
minims,  or  cui>ic  centimeters  and  fractions  thereof. 


ForDflliin  Measuring 


*'  Acmf  ^  GndiulA. 


Conlial4haj>«l  (jrsduw 


Great  care  should  be  exercised  in  the  selection  of  graduates, 
and  only  measures  of  guaranteed  accuracy,  or  such  which  have 
been  verified,  should  tre  accepted.  It  is  a!uvisable  to  select  meas- 
ures in  which  the  graduating  mark  passes  entirely  around,  the 
graduate,  which  assists  in  securing  the  level  of  the  fluid  with 
more  accuracy. 

We  cannot  expect  to  measure  accurately,  if  the  graduate  be 
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held  at  an  angle,  instead  of  perpendicularly.asit  should  be.  Tbe 
measure  shoiild  be  grasped  just  above  the  base,  between  the 
thumb  and  forefinger,  the  weight  being  supported  upon  the  other 
three  fingers;  and  it  should  be  held  so  that  the  rings  of  graduation 
are  in  a  perfectly  lumzontal  plane. 

In  order  to  test  the  accuracy  of  a  graduate  or  measuring  cylin- 
der, it  should  be  carefully  counterbalanced  on  a  pair  of  sensitive 
scales,  then  the  requisite  weight  of  distilled  water  corresponding 
to  tt  given  volume  at  60°  F.  poured  in,  for  which  purpose  the 
fluidounce  may  be  reckoned  equal  to  455.69  grains,  or  tne  cubic 
centimeter  equal  to  1  gramme.    Then  the  measure  should  be 


placed  on  a  perfectly  level  surface,  and  the  height  of  the  water  as 
compared  with  the  marks  of  the  measure  carefully  noted. 

For  measuring  very  small  volumes,  such  as  20  minims  (or  1  Cc.) 
or  less,  the  minim  graduate  should  not  be  used,  since  there  is  a 
considerable  loss  of  fluid  in  draining  off,  which  adheres  to  the 
side  of  the  measure.  If  the  graduate  can  be  rinsed  out  with  other 
fluids  subsequently  entering  the  same  mixture,  the  loss  is  avoided. 

Where  such  is  not  the  case,  recourse  is  had  to  the  measuring 
pipette  (page  165). 

These  pipettes  are  constructed  of  various  capacities  ;  the  larger 
sizes,  which  usually  have  a  bulb,  hold  5, 10,  20,  and  50  cubic 
centimeters  respectively  ;  the  smaller,  which  are  plain,  graduated 
tubes,  hold  one  fluidrachm,  graduated  into  fractions  and  minims, 
or  one  cubic  centimeter  divided  into  tenths 


CHAPTER    II. 

SPECIFIC  QBAVITY.    DENSITY  * 

Specific  Gravity  may  be  generally  defined,  as  the  weight  of  a 
body  compared  with  the  weight  of  an  equal  volume  of  some 
standard  substance.  For  liquids  and  solids,  the  standard  chosen 
is  distilled  water  at  4°  C.  (39°  F.).  Specific  gravity  expresses  a 
relative,  and  not  an  absolute  value.  It  states  how  many  times 
lighter  or  heavier  the  known  volume  of  a  body  is,  than  the  same 
volume  of  another,  which  is  taken  as  a  standard.  When  we  say 
that  the  specific  gravity  of  mercury  is  13.5,  we  mean  that  1  cubic 
centimeter,  or  1  fluid  ounce,  or  1  liter,  etc.,  of  it  is  13.5  times  as 
heavy  as  the  same  volume  of  water.  A  knowledge  of  specific 
gravity  often  assists  qualitative  tests  in  the  identification  of  miner- 
als, metals,  salts,  organic  substances,  fluids,  etc.  It  often  enables 
us  to  ascertain  their  purity,  as  the  presence  of  foreign  bodies  exerts 
an  influence  upon  their  specific  gravities,  causing  them  to  be  raised 
or  lowered.  It  enables  us  to  tell  at  once  what  any  given  volume 
of  a  liquid  should  weigh,  or  conversely,  what  volume  will  be 
required  to  contain  any  given  weight.  From  the  specific  gravity 
we  can  readily  calculate  the  percentage  strength  of  many  fluids, 
such  as  acids,  alkaline  solutions,  solutions  of  salts,  etc.  From 
the  specific  gravity  of  urinCy  the  physician  diagnoses  certain 
diseases. 

Since  all  bodies  expand  or  contract  by  change  of  temperature, 
it  is  necessary  carefully  to  observe  this  when  determining  specific 
gravities,  for  1  Cc.  of  water  at  the  temperature  of  4*^  C.  or  39°  F. 
(its  greatest  density)  weighs  1  gramme,  while  the  same  volume 
at  a  temperature  of  15.5°  C.  or  60°  F.  weighs  0.999  Gm.  The 
standard  volume  of  water  for  unity  (1000)  used  for  comparison, 
varies  in  different  nations,  being  on  the  Continent  of  Europe 
generally  taken  at  its  maximum  density  (4°  C),  in  Great  Britain 
at  16.6°  C,  and  in  the  United  States  at  15,5°  C,  together  with 
the  Pharmacopoeia  standard  of  15°  C. 

For  general  purposes,  we  express  the  value  of  any  specific 


*  On  account  of  its  more  general  use  the  term  specific  erarity  is  retained,  although  "density"  is 
more  accurate.  The  former  inrolres  the  consideration  of  the  action  of  the  earth's  attraction  on  the 
body  to  be  examined.  This  attraction  is  not  uniform  over  the  whole  of  the  earth's  surface,  being 
1  to  2  per  cent,  less  at  the  Equator  than  at  the  Poles.  Practicallv,  no  difficulty  arises  from  this  fact, 
for  we  generally  take  the  specific  gravitv  or  density  of  a  body  by  means  of  a  balance,  in  which  case 
the  relationship  between  object  weighed  and  the  weights,  remains  unchanged.  When  we  employ 
the  JoUy  spring  balance  (Fig.  61),  the  above  difficulty  arises,  in  which  the  object  is  less  attracted  at 
the  Equator,  than  at  other  piurts  of  the  earth's  surface. 
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gravity  to  three  places  of  decimals,  which  usually  involves  more 
or  less  error  in  the  third  place;  however,  where  greater  accu- 
racy is  required,  it  is  expressed  to  four,  five,  or  more  decimal 
places,  the  necessary  corrections  being  applied  to  eliminate 
errors  as  far  as  possible. 


SPECIFIC  GRAVITY  OF  SOLIDS. 

The  methods  for  the  determination  of  the  specific  gravity  of 
solids  depend  on  the  principle  discovered  by  Archimedes,  that 
when  a  solid  is  immersed  in  water,  it  loses  in  weight  an  amount 
equal  to  the  volume  of  water  it  displaces.  The  solid  whose 
specific  gravity  is  to  be  taken — assummg  it  to  be  insoluble  in 
water — is  well  cleansed  and  freed  from  adhering  moisture,  then 
accurately  weighed  ^denote  this  weight  by  x)\  then,  by  means 
of  a  horse-hair,  silk  tnread,  or  fine  platinum  wire,  it  is  suspended 


Fig.  46. 


Fro.  47. 


Hydroatmtic  Balance. 


Immenlon  of  Solid. 


from  one  arm  or  pan  of  a  balance,  so  that  it  is  entirely  sub- 
merged, and  does  not  come  in  contact  with  the  sides  of  the 
vessel  holding  the  water  (Fig.  47) ;  its  weight  is  then  noted  (denote 
by  y),  A  thermometer  placed  in  the  water  indicates  the  tempera- 
ture (t).  The  specific  gravity  is  then  found  by  the  rule(l): — 
^*  Divide  the  weight  of  the  body  in  air  by  its  loss  of  weight  in 
water :  the  quotierU  will  be  the  specific  gravity, ^^    That  is,  the  specific 

gravity  at  the  temperature  t°  is  equal  to  rrT" 
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Example: — 

A  piece  of  metal  weighs  in  air,        40  giainines. 

Immersed  in  distilled  water  (60"  F.)  it  weighs,   .   ,25^       '* 

Loss  of  weight  in  water, 5        *' 

Then  ite  specific  gravity  at  60<*F., =  _*?L_  =  i2_  =  8.00. 

40  —  35         5 

This  determination  may  be  carried  out  more  expeditiously  by 
means  of  the  hydrostatic  balance  (Fig.  46),  which  consists  of 
two  counterbalanced  pans  (hung  at  unequal  heights) ;  under  the 
shorter  one  is  placed  a  hook,  from  which  the  body  is  suspended. 
The  latter  is  first  weighed  alone  in  the  usual  manner  in  air,  then 
immersed  in  the  vessel  of  water  at  the  proper  temperature ;  this 
causes  the  short  pan  to  become  lighter.  Weights  are  then  added 
until  the  balance  gains  its  equilibrium ;  the  weight  thus  placed 
in  the  short  pan  to  accomplish  this,  constitutes  the  loss  of  weight 
in  water. 

Displacement  in  Graduated  Cylinder. — Into  a  cylinder 
graduated  in  cubic  centimeters,  or  better,  fractions  thereof,  water 
of  the  proper  temperature  is  poured,  until  it  reaches  some 
definite  mark  on  the  graduated  scale.  The  body  previously 
weighed  in  air  is  now  dropped  into  it,  which  causes  the  level  of 
water  to  rise,  and  thereby  shows  the  exact  bulk  of  water  displaced 
by  the  solid;  this  is  equivalent  to  the  loss  of  weight  in  water, 
since  each  cubic  centimeter  of  water  weighs  one  gramme.  Then 
apply  the  rule : — 

Example : — 

A  piece  of  metal  weighs, 3.0  grammes. 

The  bnlk  of  water  displaced, 1.5  cnbic  centimeters  =  1.5  Gm. 

The  specific  gravity  will  be  —  =  2.0. 

1.5 

Separation  of  Different  Insoluble  Bodies  by  Means  of  their  Specific 
Gravities, — This  method  is  employed  mainly  by  mineralogists  for 
separating  various  minerals  from  crushed  rock  ore.  Dense  liquids 
of  known  specific  gravity  are  employed,  in  which  these  solids  will 
just  float.  For  substances  lighter  than  water,  dilute  spirits  may 
be  used ;  for  those  heavier  than  water,  solutions  of  common  salt, 
solution  of  mercuric  nitrate,  solution  of  potassio-mercuric  iodide 
(3.196  sp.  gr.),  ethylene  bromide,  etc.,  are  used.  All  that  is  neces- 
sary, is  that  the  density  of  the  liquid  be  known,  it  being  pre- 
sumed that  the  solid  is  not  acted  upon  by  the  fluid. 

Specific  Gravity  of  Insoluble  Powders  Heavier  than 
Water. — Weigh  off  a  portion  of  the  powder,  then  introduce  it 
into  a  counterpoised  specific  gravity  bottle,  which  is  so  con- 
structed as  to  nold  a  known  weight  (1000  grains,  etc.,)  of  dis- 
tilled water.  Some  water  is  poured  in,  and  the  contents  gently 
rotated  so  as  to  remove  any  air  bubbles  that  may  adhere  to  the 
powder,  then  the  flask  is  filled  to  the  mark  indicating  its  capa- 
city, and  weighed.    From  the  weight  of  the  powder  in  the  air. 
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phis  the  known  weight  of  water  which  the  bottle  will  hold,  sub- 
tract the  weight  obtained  in  the  second  operation.  The  remainder 
represents  the  weight  of  water  displaced  by  the  powder.  Then 
apply  the  rule : — 

Example: — 

10  grammes  of  a  powder  is  taken,  poured  into  a  counterpoised  specific  gravity  bottle 
of  100  grammes'  capacity,  which,  when  filled  with  water,  weighs  108.8  Gm. 

10  grammes      +      100  grammes      =      110.0  grammes. 
Weight  of  flask  containing  water 
and  powder, =      108.8        ** 

Difference  or  weight  of  water  displaced  1.2        ** 

Therefore,  the  weight  in  air  (10  grammes)  divided  by  the  loss  of  weight  in  water 
(1.2  grammes),  gives  us  8.33  as  the  specific  gravity  of  the  powder. 

This  method  may  be  employed  for  solids,  provided  they  are  in 
pieces  of  such  size  as  to  admit  of  being  placed  in  the  specific 
gravity  bottle. 

Specific  Gravity  of  Solids  Insoluble  in,3ut  Lighter  than 
Water.* — Inasmuch  as  such  a  body  floats  on  the  surface  of 
water,  it  necessarily  follows,  that  we  must  attach  it  to  a  heavier 
body  in  order  to  secure  the  submersion  of  both.  The  loss  of 
weight  of  the  heavy  body  in  water  must  be  known,  and  when 
this  is  deducted  from  the  loss  of  weight  of  both  together,  the 
difference  will  give  the  amount  of  water  displaced  by  the  light 
body  alone.  The  light  body  is  first  weighed  m  air,  it  is  then  at- 
tached to  a  sinker  (a  piece  of  lead  or  iron)  and  again  weighed ; 
then  both  are  suspended  by  a  thread  under  the  surface  of  dis- 
tilled water  and  their  combined  weight  in  water  noted.  The 
light  body  is  detached  and  the  weight  of  the  sinker  alone  in 
water  is  ascertained.  The  loss  of  weight  of  the  sinker  alone  in 
water  is  now  deducted  from  the  loss  of  both;  this  gives  the  loss 
of  weight  of  the  light  body ;  then  apply  the  rule. — 

Example : — 

A  piece  of  hrass  weighs  5  grammes  ;  in  water  it  weighs  4.4  grammes. 
A  piece  of  wax  weighs  in  air  13.37  grammes  ;  when  attached  to  sinker,  both  weigh 
3.88  grammes  in  water  : — 

Weight  of  brass  in  air,    .  5.00  grammes.    Wax  weighs  in  air,     .    .13.37  grammes. 
**      "      "water,  4.40        "  Brass      "      **     "       .    .    5^00        *^ 

Loss  of  weight  of  hrass  in  Sum  of  both, 18.37        " 

water, 0.60        "  Both  weigh  in  water,  .        3.^        ** 

Both  lose  in  water,     .    .  14.49        '' 

Loss  of  weight  of  both  in  water, 14.49  grammes. 

•*-    **        **      **   brass  "      **      0.60        '* 

a     u        u      u  yj^^  ^j^,„g 13;89        (i 

Vhen      7**^***  **  ]^^^  !°  "*";  -  =        ^-  =  0.962  specific  gravity, 

loss  of  weight  in  water,  13.89 

♦The  method  of  Symoos  iPhar.  Jour.  Tran*.^  (8)  xix,  206)  may  be  employed.  He  fixes  an  In- 
verted funnel  under  one  scale-pan,  attaches  a  ten-gramme  weight  to  it,  and  restores  eauilibrium. 
The  previously  weighed  light  solid  is  now  held  under  water  until  air-bubbles  are  removed,  and  then 
placed  under  the  funnel;  the  weight  lost  will  represent  the  volume  of  the  solid,  or.  In  other  words, 
will  be  t%ie  weight  of  a  volume  of  water  equal  to  the  volume  of  the  solid. 
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Specific  Gravity  op  Solids  Soluble  in  Water,i — We  pro- 
ceed exactly  in  the  same  manner  as  in  the  case  of  solids  heavier 
but  insoluble  in  water;  but  instead  of  water,  we  employ  some 
liquid  in  which  the  body  is  not  soluble.  The  liquids  usually 
selected  for  this  purpose  are  the  oils  of  turpentine,  olive,  or 
almond.  The  specific  gravity  of  the  bodv  having  been  obtained 
just  as  if  water  had  been  used,  the  result  is  multiplied  by  the 
known  specific  gravity  of  the  oil  employed. 

ExaiapU: — 
A  ciystal  of  citric  acid  weighs  10.0  grammes ;  whcD  immeiHed  in  CKl  of  Tuq>eD' 
tiDe  it  weighed  4.8  grammes.    Thea  : — 


The  weight  of  the  citriR  add  id  air  was, 

"  "    "      '"        "    "  oil  of  taipeDtine,  . 

Lobs  of  naglit  in  turpentine, 


then  dividing  10  by  5.2  we  get  1.92,  the  speciflc  gravity  of  dtric  acid  referred  to  oil 

of  turpentine  as  standard,  and  mnltiplying  tbia  by  0.^0,  tbe  spedfic  gravity  of  oil 
of  turpentine,  we  obtain  1.67  the  specific  giBvity  of  the  sample  of  citric  add,  as 
referred  to  the  naual  standard,  viz. :  wat«r. 


SPECIFIC  GRAVITY  OF  LIQUIDS.— METHODS  OF  DETERMINING. 
(a)  By  means  of  the  IVcnometer. 
(6)    "       "  "      Hydrometer. 

"      Specific  Gravity  Balance, 

"      Sprengel's  Specific  Gravity  Tube. 

"       Weight  of  given  Volumes. 

"      LovPa  Specific  Gravity  Beads. 


W 


(a)  Determination  op  the  Specific  Gravity  op  Liquids  by 
MEANS  of  the  Pycmometer. — For  ascertaining  the  specific  gravity 
of  a  fluid  we  employ  the  Pyenomder  or  specific  gravity  bottle, 
which,  in  its  simplest  form,  is  a  small,  light  glass  flask  with  a  long 
Fm.  48.  and  narrow  neck.*  The  flask,  after  being  counter- 

balanced, is  filled  with  any  convenient  amount 
of  distilled  water  at  the  proper  temperature,  the 
height  of  the  fluid  marked,  and  ita  weight  noted. 
These  flasks  are  usually  constructed  to  hold  25, 
50,  or  lOO  grammes,  or  1000  grains  of  distilled 
water  at  15.5°  C.  {60°  F.).     The  bottle  when 
emptied  and  dried,  is  filled  to  the  mark  with  the 
'  liquid  to  be  tested  and  weighed.     The  weight 
pjcnwnaiM         fouud  bears  a  simple  ratio  to  the  specific  gravity. 
Thus  if  the  flask  holds  100  grammes  of  distilled 
water  at  15.5°  C,  when  filled   with  ether,  it  will  hold   72.5 
grammes,  and  with  glycerin,  125  grammes.    The  specific  gravi- 
ties of  these  two  liquids  are,  then,  0,725  and  1.250,  respectively, 

•  Some  of  tbe  older  lomu  ■»  quile  ibort,  u  >faowa  In  Dgure  4B. 
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obtained  by  dividing  72.5  and  125  by  100.  Any  ordinary  vial 
may  be  converted  into  a  specific  gravity  bottle,  by  selecting  one 
as  light  as  possible,  which  will  hold  either  50  or  100  grammes  of 
water.  The  distilled  water  is  accurately  weighed  into  the  vial, 
and  the  exact  height  of  the  water  is  indicated  by  a  mark  (scratch) 
on  the  neck.  An  exact  counterpoise  is  prepared  for  the  empty 
flask.  When  used,  the  flask  is  filled  to  the  mark  with  the  liquid  at 
the  proper  temperature,  and  its  weight  is  divided  by  50  or  100  as 
the  case  may  be.  Supposing,  for  example,  that,  when  filled  to  the 
50  cubic  centimeter  mark  with  sulphuric  „      ,_ 

acid,  it  weighed  92.15  grammes,  then 
g^  =  1.843,  the  specific  gravity  of  the 
acid.* 

Pycnometere  are  either  sold  with  a 
brass  counterpoise  or  their  exact  weight 
is  etched  upon  the  bottle.  Before  the 
pycnometer  is  used,  it  should  be  first  well 
rinsed  with  water,  then  with  alcohol,  and 
dried.  After  bringing  the  liquid  to  the 
proper  temperature,  by  placing  the  vessel 
containing  it  in  a  bath  of  known  tem- 
perature, the  flask  is  filled  nearly  to  the 
top  of  the  neck,  and  the  stopper  is  in- 
serted, care  being  taken  to  avoid  the 
retention  of  air  bubbles.  The  super- 
fluous fiuid  displaced  by  the  stopper  is 
then  removed,  and  the  flask  then  wiped 
perfectly  dry  and  clean,  and  weighed. 
This  form  of  specific  gravity  bottle 
has  the  objection  that  the  temperature 
cannot  be  carefully  observed,  which 
renders  it  unsuitable  for  very  accurate 
work. 

A  better  form  of  specific  gravity  bottle 
(Fig.  49)  is  that  in  which  the  stopper 

consists  of  a  thermometer.    The  liquid     ^™™«'«"''"'Tiieiiuoiuet«. 
is  introduced  in  the  side  tubulure  until  it  reaches  the  mark  at  m. 
Care  should  be  taken  that  no  air  bubbles  be  allowed  to  collect 
around  the  neck  at  h. 


•  It  AaaiA  be  borne  In  mind  ibM.  the  umfieratiin  ot  obienmUm  >faou1d  ilwrnTi  be  slated,  slid  also 
tfait  ml  which  (h*  ulambird  wis  detenoined.  To  illuBtrtte  Ibe  Importwice  of  this  Dr.  Wright  (Jour. 
Soc.  Ctrm.  /nrf.,  ii,-2M)c[teB  thefolloiilng:— "A  wraploofoU  M  20°C.  Is  sUted  by  oue  oEserrer  lo 
baTelheapeclflcgTEvllj  ofo.BMW  refcrredto  wUcrat  IT.,  mother  Ibe  nieclflo  grarlty  of  O.MMO 
itltmi  to  -liter  at  15,flO  C,  and  the  third  the  specific  groTilT  of  0.»2St5  referred  to  water  at  WC. ;" 

"  weight  per  cubic  eeDtimetsr,"  It  will  be  seen  thai  tber  are  identical.    Taking  the  speclSc  grmvll; 
of  water  at  4°  C  ii  1.000.  then  at  1S.C°  C.  it  Is  0.W9O8,  and  at  20°  C  it  l>  O.WSlT,l>ence 


For  Ibe  Tarloaacorreeliani  to  secure  aceuracf  in  taking  ■pedllG  grarlUca,  aee  the  aboie-cited  reference. 
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Another  form  is  that  devised  by  Dr.  Squibb  (Fig.  50),  in  which 
the  neck  of  the  bottle  is  lengthened,  so  that  it  will  permit  the 
bottle  to  hold  the  volume  of  water  at  any  temperature  between 
4°  C.  and  25°  C,  thus  adapting  it  to  all  standards  in  use.  The 
capacity  and  tare  is  indicated  on  each  bottle.  A  leaden  collar 
is  placed  over  the  neck  to  keep  it  in  position  in  the  bath  in 
which  it  is  placed. 


(6)  Determination  of  the  Specific  Gravity  of  Liquids  by 
MEANS  OF  THE  HYDROMETER  OR  AREOMETER. — This  instrument 
depends  for  its  use  on  the  fact  that,  when  a  solid  is  immersed  in 
a  liquid  specifically  heavier,  it  will  sink  until  it  reaches  a  point 
where  the  weight  of  the  liquid  displaced  is  equal  to  the  weight  of 
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the  floating  body.  Hydrometers  are  long  glass  tubes  with  two 
bulbs  blown  at  one  end,  Tbe  lower  (smaller)  bulb  is  weighted 
with  sufficient  mercury  or  shot  to  cause  the  tube  to  float  upright, 
the  upper  (larger)  bulb  is  to  impart  buoyancy. 

Hydrometers  are  divided  into  two  classes,  the  "  Weigking  Hy- 
drometers "  and  "  Scale  Hydrometers." 

The  weighing  areometer  or  hydro- 
meter OF  CONSTANT  IMMERSION  BUT  VARIA- 
BLE WEIGHT  is  80  called  because  it  is  always 
immersed  to  the  aaTtie  mark,  but  requires 
differeni  weights  to  effect  this.  The  first 
of  these  was  constructed  hy  Fahrenheit ; 
the  same  principle,  however,  is  followed  iu 

Fig.  53. 


Fias.  61,  52. 


Nlcbolsao't  Hydroiaeter. 

•  that  of  Nicholson's  hydrometer  (Fig.  63), 

which  consists  of  a  hollow  metal  cylinder 
B  with  a  cone  c,  weighted  so  that  the 
cylinder  may  float  vertical.    At  the  top 
I       is  a  stem  terminated  by  a  pan,  in  which 
HTdrometeni.  the  substance  whose  specilic  gravity  is  to 

■■  ^"^^^ISS^'-  be  determined  is  placed.  When  floated, 
the  apparatus  stands  partly  out  of  the 
liquid,  hence,  the  first  step  would  be  to  ascertain  what  weight  is 
necessaiy  to  cause  it  to  sink  to  the  standard  point  o;  let  this 
weight  be  100  grammes.  Let  us  assume  that  we  desire  to  as- 
certain the  specific  gravity  of  a  piece  of  metal ;  the  weights  are 
removed  from  the  pan,  and  replaced  by  the  sample;  weights  are 
now  added,  until  the  instrument  again  sinks  to  o ;  in  order  to 
accomplish  this,  we  have  added  44  grammes;  then  the  actual 
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weight  of  the  piece  of  metal  would  be  the  difference  between  100 
grammes  and  44  graiumes,  which  is  56  grammes.  Thus  far,  we 
have  ascertained  the  actual  weight  of  the  metal ;  it  is  nezt  neces- 
sary for  us  to  ascertain  its  loss  in  water,  or  the  weight  of  an  equal 
volume  of  water.  With  this  object  in  view,  we  place  it  in  the 
lower  cone  c,  at  m ;  the  instrument  does  not  sink  to  o,  for  the 
metal,  by  immersion,  has  lost  a  part  of  its  weight  equal  to  that 
of  the  water  displaced.  Weights  are  added  to  the  upper  pan 
until  the  hydrometer  sinks  again  to  o;  this  being  27.5  grammes, 
is  the  weight  of  water  displaced;  then  on  dividing  its  actual 
,  weight  (in  air),  by  its  loss  in  water  -z-^  we  obtain  2.03  as  its  specific 
gravity.  Bodies  lighter  than  water  are  placed  in  the  covered  cup, 
thus  securing  immersion. 

Rou^eavCi  Densimeier. — This  instrument  (Fig.  54)  is  of  use  in 
ascertaining  the  specific  gravitj-  of  liquids  where  only  a  small 
amount  is  available.    The  cup  above  is  gradu- 
Fio.  54,  ^j^j  j^  hold  1  cubic  centimeter.     When  empty, 

the  instrument  sinks  in  distilled  water  to  the 
point  b;  when  the  cup  is  filled  with  distilled 
water  (1  Cc),  the  point  to  which  it  sinks  is 
marked  as  20;  then,  the  interval  between  0  and 
20,  on  the  stem,  is  divided  into  20  equal  parts, 
the  graduation  being  continued  to  the  top,  each 
division  representing  0.05  gramme.  Example  : 
Supposing  that  the  cup  is  filled  with  oil  of 
neroli,  the  densimeter  will  sink  to  the  mark 
17.5;  hence  the  specific  gravity  of  the  oil  of 
neroli  would  be  0.05  X  17.5  =  0.875.  Neithbr 
of  these  instruments  gives  such  accurate  results 
as  the  specific  gravity  bottle. 

nouneui.  Dtdslniner.  S(  AI.E      AREOMETERS    OR     HyDROMETEBS     OP 

V  ABiABLE  Immersion,  but  Constant  Weight. — 
These  are  divided  into  different  classes,  according  to  their  uses, 
being  designated  as  Alcoholometers,  Salimeters,  Lactometers,  Acido- 
meters,  SaccharoTneters,  Urinometers,  etc.  There  are  two  systems  of 
these ;  in  the  one,  the  specific  gravity  is  indicated  directly  on  the 
scale;  in  tlie  other  (that  of  Baum^,  Cartier,  Twaddell,  Tralles, 
etc.)  an  empirical  scale  is  employed  which  may  be  reduced  to 
specific  gravity  by  referring  to  tables  constructed  for  this  pur- 
pose. The  most  important  of  these  instruments  is  that  of  Baum6, 
under  which  name  two  distinct  instruments  are  used.  One  of 
these  is  used  for  determining  the  densities  of  liquids  heavier 
than  water,  such  as  acids,  alkaline  solutions,  syrups,  glycerin, 
milk,  etc. ;  the  other  for  liquids  lighter  than  water,  as  alcohols, 
ethers,  most  volatile  oils,  etc.  In  the  former  (Fig,  55),  for  liquids 
heavier  than  water,  the  zero  mark  is  obtained  Dy  placing  it  in 
distilled  water;  another  mark  is  made  at  the  place  to  wliieh  it 
sinks  by  floating  it  in  a  15  per  cent,  solution  of  common  salt. 
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The  space  between  these  two  marks  is  then  divided  into  15  equal 

f)arts,  the  graduation  being  continued  to  60°  below.  For  liquids 
ighter  than  water  (Fig.  56),  zero  is  the  point 
designated  to  which  it  sinks  when  placed  in  Fio.  55.  Fig.  56. 
a  10  per  cent,  salt  solution,  and  10°  the  point 
to  which  it  sinks  in  distilled  water;  the 
distance  between  these  is  divided  into  10 
equal  parts,  the  scale  being  extended  up 
to  60°.* 

TwaddeWs  areometer ,  for  liquids  heavier 
than  water,  is  common  in  England.  It  is  so 
graduated  that  the  reading  multiplied  by  5 
and  added  to  1000  ^ves  the  specinc  gravity : 
thus,  15°  Twaddell  is  equal  to  specific  gravity 
1.075.  Alcoholometers  are  hydrometers  for 
ascertaining  the  percentage  strength  of  alco- 
holic liquids.  They  are  often  so  constructed 
as  to  combine  a  thermometer,  the  mercury  in 
the  lower  bulb  answering  for  the  bulb  of  the 
thermometer. 

The  Tralles  hydrometer  is  an  alcoholometer 
having  a  centesimal  scale,  each  division  cor- 
responding to  a  certain  per  cent,  of  absolute 
alcohol,  by  volume.  Tables  giving  the 
equivalents  may  be  found  in  the  Dispensatories  and  other  works 
of  reference. 

Sikes^  hydrometer  is  used  in  England  by  the  Excise  Revenue 
officers  for  ascertaining  the  percentage  strength  of  spirituous 
liquors.  The  instrument  is  of  brass,  the  stem  being  gradu- 
ated from  0  to  10,  and  a  set  of  nine  weights  to  place  beneath  the 
bulb.    On  noting  the  temperature,  the  weight  employed,  and 


Bauiu^'8  Hydrometen. 


•  TABLES  OF  DEGREE  BAUMt.    IBP  C. 


Fob  Liquids  Hbavibb  than  Wateb. 


Baumi, 

0^ 

5^, 

10^. 

15°, 

20P.         

25° 

30°, 

350, 

40°, 1.884 

450 1.454 


Specific  OrtnUy. 

.   .  .  1.000 
.   .     1.036 

075 

116 

161 

210 

261 

821 


1. 
1. 
1. 
1. 
1. 
1. 


50°, 
60°, 
650, 


1.532 
1.715 
1.823 
1.946 


Sp.  Gr.  = 


144.3 


Fob  Liquids  Lightbb  than  Wateb. 

Baum4.  S^cifte  Oraviiy, 

10®, 1.000 

Iflo, 0.966 

^M^f   •••■•■•■••••«••■  v»«NIO 

^O      ■■■••■•••■••  ■••■    VaWV 

80°,      0.87S 

85° 0.852 

40O, 0.827 

450, 0.804 

50°, 0.783 

55^, 0.762 

60^, 0.742 

®P-  ^'-  ="  134.8  +  n. 


144.3  —  n. 


n  =  deforce  of  Baumft. 

Stich  soUee  are  ansatisliKtoiy,  as  their  equivalents  vary  In  different  instruments  and  different 
coontries. 
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the  point  to  which  it  sinks  on  the  stem,  and  referring  to  a 
series  of  tables  belonging  to  the 
instrument,  the  specific  gravity  is  ob- 
'*'  tained. 

Saccharom^erg  are  intended  to  show 
the  specific  gravity  of  sugar  solu- 
tions; the  scale  is  so  arranged  as  to 
indicate  directly  the  percentage  of 
sugar. 

The  £^mometer  is  an  instrument  for 
ascertaining  the  specific  gravity  of 
fixed  oils. 

The  Lactometer  ia  employed  to  as- 
certain the  apeeific  gravity  of  milk, 
the  scale  indicating  the  percentage 
of  added  water. 

The  Urinometer  is  a  small  areometer 
with  its  scale  limited  to  the  specific 
gravity  of  urine,  usually  from  1.000 
to  1.060.  Most  of  these  instruments 
are  usually  very  faulty  and  inaccurate 
and  should  never  be  relied  upon  un- 
less obtained  from  a  reliable  source, 
or  verified,  A  form  offered  by  Dr. 
Squibb  (Fig.  57),  is  furnished  with  a 
special  cylinder  having  its  sides  in- 
dented so  as  prevent  the  instrument 
from  remaining  in  contact  with  the 
sides  of  the  cylinder.  Should  this 
happen,  the  friction  and  cohesion  with 
the  sharp  edge  of  one  of  these  indenta- 
tions will  be  reduced  to  a  minimum, 
In  using  an  areometer  it  must  be  ob- 
served that  the  instrument  should 
float  freely,  and  should  not  adhere  to 
the  sides  of  the  jar,  otherwise  the  co- 
hmon  between  the  instrument  and 
sides  of  the  jar  would  prevent  a  free 
movement  up  and  down  in  the 
liquid,  and  thus  give  rise  to  false 
readings.  The  bulb  of  an  areometer 
is  best  shaped  after  that  of  a  double 
cone,  as  in  Fig.  57,  so  that  there 
is  but  a  single  point  which  may  come 
in  contact  with  the  side  of  the  jar, 
uriQomcter wiib crUndfr.  (Squibb.)  thus  reducing  the  friction  and  cohe- 
sion to  a  minunum. 
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(c)  Determinatios  of  Specific  Gravity  by  Means  of  the 
Specific  Gravity  Balance. —  Westpkal  ^edfic  Gramty  Balance. — 
Theapplicationof  this  depends  upon  the  principle  that  any  selected 
body,  when  immersed  in  different  liquids,  loses  exactly  the  weight 
of  its  own  volume  of  that  liquid.  If  the  same  body  be  immersed 
in  different  liquids,it  will  be  seen  that  its  loss  inweightwill  be  in 
proportion  to  their  specific  gravities.     The  small  thermometer 


Wnlplul  Speclflc  GnTllf  BkUnoe. 


suspended  from  the  arm  at  K  is  held  in  equilibrium  by  a  counter- 
balancing weight  at  J.  When  placed  in  a  liquid,  the  arm  HK 
rises;  riders  are  then  placed  upon  the  beam,  in  the  notches  indi- 
cated, until  equilibrium  is  restored.  The  riders  L  or  Li  are 
equal  in  weight  to  the  loss  sustained  by  the  thermometer  in  dis- 
tilled water  (4"  C),  the  rider  M  =  i^j,  the  rider  N  =  liif.  and 
0  =  TT^  of  the  weight  of  L  or  L^.  When  L  or  U  is  placed  on 
the  hook  at  K  it  indicates  the  specific  gravity  of  l.OOO;  when  the 
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other  L  is  placed  at  3  it  denotes  0.3.  Hence,  when  one  of  these 
riders  (L  or  Li)  is  placed  at  K,  and  the  other  at  3,  and  equili- 
brium is  thus  restored,  the  liquid  has  the  specific  gravity  1.300. 
The  rider  M  the  second,  and  N  the  third,  and  O  furnishes  the 
fourth  decimal  place.  Fig.  59  illustrates  the  use  of  the  apparatus 
suflSciently. 

Fig.  59. 


Lsssa 


Beam  of  Westphal  Bolanoe,  Bhowing  Poeitioo  of  Weights. 


Fig.  60  illustrates  a  simpler  form,  known  as  Mohr^s  Specific 
Gravity  Balance ;  it  will  be  seen  from  this,  that  any  balance  can 
be  used  for  this  purpose  by  detaching  a  pan  and  suspending  a 
short  thermometer  in  its  stead  by  means  of  a  fine  platinum  wire, 
then  counterpoising  both  arms  by  adding  weights  to  the  side 
requiring  it.  The  further  operation  is  the  same  as  that  with 
the  Westphal  balance. 

Jolhfs  Spiral  Balance. — This  consists  of  a  spiral  vertical 
spring  suspended  from  an  upright  beam;  on  the  side  of  this 
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beam  facing  the  spiral,  is  a  long  mirror  which  is  graduated 


Uafar^  BptsUo  Onritr  Balanob 

into  millimeters.  The  spiral  supports  two 
scale  pans,  one  some  distance  above  the 
other.  Just  above  the  upper  pan  (at  b)  is 
a  glass  bead  which  serves  as  an  indicator. 
To  take  the  specific  gravity  of  a  solid,  the 
lower  pan  (d)  is  immersed  in  water,  the  solid 
placea  in  the  upper  pan  (c),  and  the  division 
on  the  index  on  the  mirror  opposite  the 
bead  is  noted.  The  solid  is  removed  and 
weights  added  until  the  bead  is  opposite 
the  same  scale  division  as  before.  This 
constitutes  the  weight  of  the  solid.  The 
solid  is  then  placea  in  the  lower  pan  and 
the  weights  adjusted  until  the  bead  again 
comes  to  the  same  number ;  this  constitutes 
the  weight  of  the  volume  of  water  displaced 
by  the  solid ;  then  apply  rule  1  (page  35). 

(d)  Sprengel  Specific  Gravity  Tube. — 
This  instrument  is  well  adapted  for  small 

Juantities  of  fluids  and  is  extremely  accurate, 
t  consists  of  a  U-shaped  tube  terminating  in 
two  capillary  tubes  bent  in  opposite .  direc- 
tions. The  liquid  to  be  examined  is  aspi- 
rated into  the  tube  until  the  latter  is  filled; 
the  tube  is  then  placed  in  a  beaker  of  water 
having  the  desired  temperature,  the  two  arms 
resting  on  the  edge  of  tne  beaker.    When  the 
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temperature  of  the  coDtaiaed  liquid  is  constant  (shown  by  the 
cessation  of  movement  of  the  liquid  in  the  capillary  tube),  the 
Pio  62  excess  of  fluid  is  removed  by  means  of  filter 

paper  from  the  tip  a  until  the  liquid  in  the 
other  capillary  reaches  the  mark  m;  the  tube 
and  contents  are  then  weighed,  and  the  ca- 
pacity of  the  tube  in  distilled  water  being 
known,  the  specific  gravity  is  obtained  as 
usual. 

(c)  Determination  op  Specific  Gravity 
BY  Weighing  given  Volumes  op  Solu- 
tions.— A  cylinder  or  graduate  is  counter- 
balanced, and  the  liquid  to  be  examined 
is  poured  in  to  any  definite  measure  and 
weighed.  This  weight  is  then  divided  by 
the  weight  of  a  like  volume  of  water  at  the 
same  temperature.  Thus,  if  we  were  to  weigh 
a  fiuidounce  of  a  liquid,  we  would  then 
divide  that  weight  by  455,7  (the  weight  of 
one  fluidounce  of  distilled  water  at  15.5°  C). 
sprmgei  ^iflcGrttitj  Should  we  havo  measured  off  10  cubic  centi- 
^  meters  of  the  fluid,  we  then  divide  ita  weight 

in  grammes  by  10  (the  weight  of  10  Cc.  of  distilled  water). 

U)  Lovi's  Specific  GaAvrrY  Beads. — These  are  small  hollow 
globes  of  glass,  having  specific  gravity  figures  etched  on  their 
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Spcdflc  QtwiUj  of  Solid  Fall,  br  m 
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surfaces.  When  thrown  into  a  fluid  they  will  rise  and  float  to 
the  surface  if  lighter  than  the  fluid,  or  sink  to  the  bottom  if 
heavier;  but  when  anjr  of  them  remain  indifferently  suspended 
at  any  level,  then  the  liquid  has  the  specific  gravity  engraved  on 
the  beads,  if  these  are  correct.  These  are  of  special  use  in  the 
evaporation  of  liquids  to  attain  certain  densities.  They  will  show 
a  difference  in  specific  gravity  of  0.001.  They  are  sometimes 
used  in  the  distillation  of  ether,  the  operation  being  carried  on 
until  one  of  them  of  specific  gravity  0.735  begins  to  float. 

Determination  of  the  Specific  Gravity  of  Fats  and 
Oils  (solid  at  normal  temperature). — Fie.  63  illustrates  the  appa- 
ratus of  Benedikt,  in  which  the  fat  is  placed  in  the  tube  D,  the 
temperature  of  which  is  regulated  by  the  paraflBn  bath  C,  which 
in  turn  is  heated  by  the  water  bath  B.  The  specific  gravity  is 
ascertained  as  usual  with  the  Westphars  balance,  the  temperature 
being  taken  into  consideration.  Fig.  64  illustrates  another  form, 
in  which  an  areometer  is  floated  in  the  melted  fat. 


SPBOIPIO  VOLUME  * 

As  applied  in  pharmacy,  specific  volume  is  the  volume  of  a 
certain  liquid  compared  with  the  volume  of  an  equal  weight  of 
another,  which  is  selected  as  standard.  The  standard  for  com- 
parison is  distilled  water,  usually  at  15.5°  C.  (60°  F.).  As  specific 
gravity  is  obtained  by  the  comparison  of  the  weight  of  a  given 
volume  of  a  liquid  or  solid  with  an  equal  volume  of  water  (as 
unity),  so  is  specific  volume  obtained  by  the  comparison  of  the  '  //- 
volume  of  a  given  weight  of  a  liquid  body  with  an  equal  aiofMwitf  of  iiTCA^ti 
water.  Specific  volume,  therefore,  is  simply  the  reverse  of  specific 
gravity. 

Specific  volume  is  the  quotient  obtained  by  dividing  unity  by  the 

specific  gravity ;  that  is,  g^ifit^^ri^  =  Specific  Volume.  We  find 
that  a  pound  of  glycerin  measures  less,  while  a  pound  of  ether 
measures  more,  than  a  pound  of  water ;  a  kilogramme  of  mercury 
will  occupy  less  bulk,  while  the  same  weight  of  benzin  will 
occupy  more  than  a  kilogramme  (1000  Cc.)  of  water.  The 
knowledge  of  the  specific  volume  of  a  fluid  will  then  enable  us 
to  ascertain  the  bulk  occupied  by  a  given  weight  of  it.  Since 
the  capacity  of  all  graduated  or  gauged  vessels  is  based  on  the 
volume  of  water  they  will  hold,  the  specific  volume  factor  will 
express  at  a  glance  the  weight  capacity  of  the  container.  Water 
at  15.5°  C.  being  unity  (1.000),  we  thus  find  the  specific  volume  of 

glycerin  to  be  g*:,^.--  =  0.8;  that  of  ether,  'i^^^r^,  =  1.38;  that 
of  chloroform,  1:^,^^^.  =  0.674.  Therefore,  one  fluid  pint  of 
water,  about  f  of  a  pint  of  glycerin,  about  1|-  of  a  pint  of  ether, 

*Thl8  term  should  not  be  confoanded  with  the  term  "specific  volume'*  as  applied  to  chemical 
physics,  which  is  also  defined  as  "atomic  Tolume,"  or  "  molecular  I'olume." 
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and  about  |  of  a  pint  of  chloroform  will  all  be  of  the  same 
weight.  The  dctjml  volume  occupied  by  a  given  weight  of  a 
liquid  is  found  by  the  following  rule ; — 

Multiply  the  volume  of  an  equal  weight  of  water  by  the  specific 
volume  of  the  liquid. 

Example. — How  many  cnbic  oentimeten  will  one  kilogramme  of  chlorofonn 
measure?  A  kilogramme  of  water  weighs  1000  grammes  ;  then,  1000  X  0.674  = 
674  cubic  centimeters  of  chloroform. 

Example. — How  many  fluidounces  will  100  av.  ounces  of  glycerin  measure? 
100  av.  ounces  of  water  measure  96.01  fluidounces  ;  then,  96.01  X  0.80  (sp.  vol.  of 
glycerin)  =  76.8  -f-  fluidounces  of  glycerin. 


PRACTICAL  EXERCISES  IN  SPECIFIC  GRAVITY  AND  SPECIFIC 

VOLUME. 

Example. — If  10  cubic  centimeters  of  a  liquid  weigh  15  grammes,  what  is  its 

15 

specific  gravity?    10  Cc.  of  distilled  water  weigh  10  6m.,  hence  -^q^  =  1.50  is  the 
specific  gravity. 

Example. — If  one  fluidounce  of  a  liquid  weighs  569.63  grains,  what  is  its  specific 

669.63 

gravity  ?    One  fluidounce  of  distilled  water  weighs  455.7  grains,  hence  4^57    =  1.25 
is  the  specific  gravity. 

Example. — What  is  the  weight  of  a  pint  of  glycerin?  We  know  that  a  pint  of 
distilled  water  weighs  7291.11  grains,  and  the  specific  gravity  of  glycerin  is  1.25  ; 
hence  we  multiply  7291.11  by  1.25,  which  gives  us  9113.8  +  grains. 

Example. — Liquor  Ferri  Chloridi  (sp.  gr.  1.387)  contains  37.8  per  cent,  of  anhy- 
drous salt ;  how  much  of  this  salt  is  in  each  100  cubic  centimeters  of  the  solution  ? 
The  weight  of  100  Cc.  of  water  is  100  Gm.,  this  multiplied  by  1.387  gives  the 
weight  of  100  Cc.  of  the  solution,  which  is  138.7  Gm.  ;  now,  37.8  per  cent,  of  this 
weight  would  be  52.42  +  Gm. 

Example. — What  will  be  the  capacity  of  a  flask  which  will  hold  7  av.  pounds  of 
glycerin  U.  S.  P.  ?  Seven  avoirdupois  pounds  of  distilled  water  weigh  49,000 
grains  ;  this,  divided  by  455.7  gives  107.52  -\-  fluidounces,  the  bulk  occupied  by  7 
avoirdupois  pounds  of  water  ;  since  the  specific  volume  of  glycerin  is  0.80,  we  have 
107.36  X  0.80  =  86.01  +  fiuidounces  (5.37  -f  pints),  which  will  be  the  capacity 
necessary  to  hold  this  weight  of  glycerin. 

Example. — An  apothecary  returned  to  his  dealer  5  pints  of  oleic  acid  (sp.  gr. 
0.900),  valued  at  40  cents  per  pound  (av.),  and  received  in  return  117  cubic  centi- 
meters of  mercury  (sp.  gr.  13.5),  valued  at  54  cents  a  pound  (av.) :  did  the  dealer 
gain  or  lose  by  the  transaction  ? 

5  pints  of  water  weigh  5.205  a  v.  pounds  ;  then,  if  the  specific  gravity  of  the  oleic 
acid  be  0  900,  the  weight  of  5  pints  of  it  would  be  5.205  X  0.900  ==  4.684  av. 
pounds.    Its  value  would  then  be  $0.40  X  4.684  =  $1.87  -h. 

117  Cc.  of  water  weighs  117  Gm.,  and  if  the  specific  gravity  of  mercury  is  13.5, 
it  would  weigh  117  X  13.5  =  1579.5  Gm  or  3.48  -f  av.  pounds.  The  value  will 
be  $0.54  X  3.48  =  $1.87  +•     Hence,  there  will  be  neither  loss  nor  gain. 

Example. — A  piece  of  metal  weighs  100  grammes ;  its  specific  gravity  is  7.6. 
When  immersed  in  i^rup  it  loses  16.9  grammes  weight.  What  is  the  specific 
gravity  of  the  syrup?  We  use  the  following  proportion :  as  the  weight  of  the  body 
in  air  is  to  its  specific  gravity,  so  is  its  loss  of  weight  immersed  in  the  liquid,  to  the 
specific  gravity  of  that  liquid. 

That  is,  as  100  :  7.6  : :  16.9  :  x. 

X  =  1.28,  sp.  gr.  of  the  syrup. 
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Example. — A  piece  of  mineral  weighs  1  av.  ounce ;  when  phiced  in  a  graduate 
containing  1  fluidonnce  of  water,  the  volame  of  water  was  increased  to  9  floi- 
drachms.     What  is  the  specific  gravity  of  the  mineral  ? 

The  volume  of  water  displaced  is  1  fluidrachm,  which  weighs  56.96  grains, 

then  apply  rule  (page  35),  ^|^  ^7.68  the  specific  gravity  of  the  mineral. 


66.96 


TABLE  OF  SPECIFIC  GRAVITIES,  U.  S.  P. 
Temperature,  15^  C,  9iP  F.,  aoleBB  otherwise  speeifled. 


Acidum  Acetlcam, 1.048 

Acidum  Acetlcuin  Dilutum, 1.008 

Acidum  Aoeticum  (jlaciale, 1.058 

Acidum  Hydrobromicum  Dilutum, ....  1.077 

Acidum  Hydrochloricum,        1.163 

Acidum  Hydrochloricum  Dilutum,  ....  1.050 
Acidum  HypophoephoroBum  Dilutum,    .  .  1.046 

Acidum  Laclicum,  about, 1.213 

Acidum  Nitrlcum,  about, 1.414 

Acidum  Nltricum  Dilutum,  about,  ....  1.057 

Acidum  Olelcum,  about, 0.900 

Acidum  Phoephoricum,  not  below,  .  .  .  1.710 
Acidum  Phosphoricum  Dilutum,  about, .  .  1.057 

Acidum  Sulpnuricum,  not  below, 1.835 

Acidum  Sulphuricum  Aromalicum,  about,  0.939 
Acidum  Sulphurlcum  Dilutum,  about,  .  .  .1.070 
Acidum  Sulpburoaum,  not  leas  than,    .  .  .  1.035 

Adeps 0.932 

iEther, 0.726  to   .728 

ilCther  Aceticus 0.893  to  0.895 

Alcohol,  about, 0.820 

Alcohol  Absolutum,  not  higher  than,   .  .  .  0.797 

Alcohol  I>eodoralum,  about 0.816 

Alcohol  Dilutum,  at  15°  C,  about 0.936 

AlcohoiDilutum,  at  ]5.6<>C.,  about, .  .  .  .0.937 
Alcohol  Dilutum,  at  25°  C,  about,     ....  0.9:U> 

Amyl  Nitris, 0.870  to  0.880 

Aqua  Ammoniie, 0.960 

Aqua  Ammoniie  Fortior 0.901 

Amia  Hydrogenil  Dioxidi,  about,  .  1.006  to  1.012 

Ralsamum  Peruvianum, 1.186  to  1.150 

Benzinum, 0.670  to  0.675 

Broraura, 2.990 

('amphora, 0.995 

Carbonei  Disulphidum, 1.268  to  1.269 

Cera  Alba, 0.965  to  0.075 

CeniFlava,     0.955  to  0.967 

Cetaoeam,  about, 0.945 

Chloroformum,  not  below,  at  15°  C,  ...  1.490 
Chloroformum,  not  below,  at  2SP  C, .  .  .  .  1.473 

Copaiba, 0.940  to  0.990 

CreoAotum,  not  below, 1.070 

Eucalyptol, 0.930 

FelBovis, 1.018  to  1.028 

Glycerinum,  not  less  than, 1.250 

HydraTxynim, 18.5584 

lodoformum 2.000 

lodum,  at  170  C 4.948 

Liquor  Ferrl  Acetatis,  about, 1.160 

Liquor  Ferrl  Chloridi,  about, 1.387 

Liquor  Ferrl  Citratis,  about, 1.250 

Liquor  Ferrl  Nitratis,  about. 1.060 

Liquor  Ferrl  Subsolphatis,  about, 1.550 

Liquor  Ferrl  Temulphatis,  about, 1.320 

Liquor  Mydrargrri  Kitratis,  about, ....  2.100 
Liquor  Plumbi  &ibacetatis,  about,    ....  1.195 

Liquor  Potaass,  about, 1.036 

Liquor  Sod«,  about 1.069 

Liquor  Sods  Chlorals,  about, 1.052 

Liquor  Hodii  Silicatis 1.800  to  1.400 

Liquor  Zlnd  Chloridi,  about, 1.535 


Me 


a: 


1.375 


Methyl  Halicylas, 1.183  to  1.185 

Oleum  Adipte, 0.910  to  0.920 

Oleum  .^tbereum, 0.910 

Oleum  Amygdals  Amane,    ....  1.060  to  1.070 
Oleum  Amygdalv  Ezprenam,    .  .  0.916  to  0.920 


Oleum  Anisi,  about  (17°  C),     .  .  .  0.980  to  0.990 

Oleum  Aurantii  Corticis,  about, 0.850 

Oleum  Aurantii  Florum, 0.875  to  0.890 

Oleum  Bergamotttt, 0.880  to  0.885 

Oleum  Cadlnum,  about, 0.990 

Oleum  C^juputl, 0.922  to  0.929 

Oleum  Carl, 0.910  to  0.920 

Oleum  Caryophylli, 1.060  to  1.067 

Oleum  Chenopodii.  about, 0.970 

Oleum  C^nnamomi, 1.065  to  1.065 

Oleum  Copaibe, 0.890  to  0.910 

Oleum  Coriandri 0.870  to  0.885 

Oleum  Cubebs,  about, 0.920 

Oleum  Erigerontis,  about, 0.850 

Oleum  Eucalypti 0.915  to  0.926 

Oleum  Foeniculi,  not  less  than, 0.960 

Oleum  Gaultheris, 1.175  to  1.185 

Oleum  Goeiiypii  Semlnis, 0.920  to  0.930 

Oleum  Iledeoma, 0.930  to  0.940 

Oleum  Juniperl, 0.850  to  0.890 

Oleum  I.4iyanduls  Florum,  .  .  .  .  0.885  to  0.897 

Oleum  Limonls, 0.858  to  0.8.'i9 

Oleum  Lini, 0.930  to  0.940 

Oleum  Mentha;  Piperlt«, 0.900  to  0.920 

Oleum  Menthse  Viridis,     0.930  to  0.940 

Oleum  Morrhufe, 0.920  to  0.926 

Oleum  Myrciee,     0.975  to  0.990 

Oleum  Myristicte, 0.870  to  0.900 

Oleum  Olivs,     0.915  to  0.918 

Oleum  Picis  Liquldte,  about, 0.970 

Oleum  PimentK 1.045  to  1.055 

Oleum  Ricini, 0.950  to  0.970 

Oleum  Rose, 0.886  to  0.880 

Oleum  Rosmarini, 0.895  to  0.915 

Oleum  Sabins, 0.910  to  0.940 

Oleum  SanUli, 0.970  to  0.978 

Oleum  Sassafras 1.070  to  1.090 

Oleum  Sesami 0.919  to  0.923 

Oleum  Sinapis  Volatile, 1.018  to  1.029 

Ole«im  TerebinthluK 0.855  to  0.870 

Oleum  Terebinthins  Reetificatum,  0.855  to  0.865 

Oleum  Theobromatis, 0.970  to  0.980 

Oleum  Thymi 0.900  to  0.930 

Oleum  Tiglil, 0.940  to  0.960 

Petrolatum  Liquidum 0.875  to  0.945 

Petrolatum  MoIleat60OC.,  (140°  F.),  0.820  to  0.840 
Petrolatum  Spissum,  at  60°  C.  (140°  F.), 

0.820  to  8.50 

Phosphorus,  at  10°  C.  (50°  F.), 1.830 

Resina, 1.070  to  1.080 

8plritU8  ^theris  Nitrosi,  about, 820 

Spiritus  Ammonite,  about, 0.810 

Hplritus  Ammonias  Aromaticus, 0.905 

Spiritus  Frumentl, 0.917  to  Q.930 

Spiritus  Glonoini, 0.826  to  0.832 

Spiritus  Vini  Galilei 0.925  to  0.941 

Srrupus,  about, 1.317 

Syrupus  Acidi  Hydriodicl,  about, 1.313 

Terebenum,  about, 0.862 

Thymol  (as  solid) 1.069 

Tinctura  Ferri  Chloridi,  about, 0.960 

Vinum  Album,  at  15  6°  C.,  not  lees  than,    .  0.990 

Vinum  Album,  not  more  tnan 1.010 

Vinum  Rubrum,  at  15.6°  C,  not  lees  than,  .  0.989 

Vinum  Rubrum,  not  more  than, 1.010 

Zincum,  cast  6.900,  rolled, 7.200 


CHAPTER  III. 

HEAT. 

ITS  VARIOUS  APPLICATIONS  IN  PHARMACY. 
Combustion  is  chemical  combination  attended  with  evolution 
of  light  and  heat,  A  flame  is  a  stream  of  gas  or  vapor  raised  to 
the  temperature  of  ignition.  Its  illuminating  and  heating  power 
varies  with  the  nature  of  the  products  formed ;  the  presence  of  a 
solid  body  in  the  flame  increases  the  illuminating  power.  The 
flame  of  hydrogen  or  alcohol  is  pale,  or  almost  colorless,  because 


BeruUna'  Akotaol  Lamp  tat  High  Tennpenluns. 

it  only  contains  gaseous  products  of  combustion.  The  flames  of 
candles,  lamps,  and  coal  gas  possess  high  illuminating  power, 
because  the  high  temperature  produced  decomposes  certain  of  the 
gases  with  the  production  of  carbon,  which  not  being  entirely 
consumed,  becomes  incandescent  in  the  flame.  Coal  gas,  when 
burnt  so  that  it  may  become  mixed  with  an  adequate  supply  of 
air,  as  in  the  Bunsen  burner,  gives  a  flame  which  is  almost  devoid 
of  luminosity.  For  technical  purposes  the  valuation  of  different 
fuels  is  important.  The  comparative  value  of  fuel  is  ascertained 
by  estimating  the  number  of  heat  units  (calorics)  disengaged 
during  combustion.  By  caloric  is  meant  the  number  of  heat 
units  necessary  to  raise  one  gramme  of  water  from  0°  to  1°  C. 
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It  may  also  be  expressed  by  the  quantity  of  water  warmed  one 
degree  by  one  kilogramme  of  the  material ;  for  example : — 


Then  the  value  of  wood  as  a  heat-producer,  compared  with  coal, 
is  as  3600  is  to  6U00,  or  3  to  5 ;  that  is,  3  parts  of  coal  will  give  as 
much  heat  as  5  parts  of  wood.  Compared  as  to  their  heating  or 
evaporating  power  we  have : — 

1  kilo  of  Hydrogen  evsporalea  S3     kilos  of  water. 

1    "     '■  lIlQiniuattiig  Oas  "  18       "      "      " 

1   "    "  Coal  Oil  "  11.8    "     "      " 

1   "    "  Alcohol  "  11.2    "     "      " 

1    "    "  Coal  "  9.0    "     "      " 

1   "     "  Wood  "  5.5    "      "      " 

For  detailed  explanations  of  the  value  and  uses  of  different 
fuels,  with  the  arrangement  of  furnaces,  ranges,  etc,  the  reader 
must  be  referred  to  the  text-books  on  Technics  Chemistry.    The 
modern  apothecary  employs,  as  a  source  of  heat,  either  alcohol, 
benzin,  coal  oil,  illuminating  gas,  or  steam.    Owing  to  the  high 
price  of  alcohol,  this  liquid  is  at  present  used  for  heating  purposes, 
only  where  coal-gas  is  not  accessible,  or  for  some  reason  objection- 
able.   For  purposes  where  a  lower  degree  of  heat  is  needed,  the 
simple  form  of  the  al- 
cohol lamp  (Fig.  65)  is  ^°-  ^■ 
employed ;  should  it  be 
desirable  to  have  a  more 
luminous  flame,  a  small 
amount  of  oil  of  tur- 
pentine may  be  added.  ^ 
For  a  higher  degree  of                                                         ^"^ 
heat  we  have  heretofore                                                         '^    ^ 
employed  the  Berzelius 
Ump(Fig.66).  Thishas, 
however,  been    greatly 
improved  upon  in  the 
newer  Bunsen  lamp  of 
Barthel  (Fig.  67).    This                                  i 
is  a  very  practical  and  ^                               ! 
safe  lamp,  capable   of 

producing  a  very  high  B».i»isp,ri.  un.p. 

degree  of  heat,  equal  to 

that  of  the  Bunsen  gas  burner.  The  burner  consists  of  a  thick 
metal  tube  supported  on  a  foot  and  separated  in  the  center  into 
two  parts  (c,  D).  In  the  upper  portion  the  flame  is  generated, 
and  the  heat  therefrom  vaporizes  the  alcohol  in  the  lower  portion. 
A  uniform  vapor  is  obtained  by  the  interposition  of  a  wire  gauze 
(m),  and  the  size  of  the  flame  is  regulated  by  the  screw  (s,  r) 
which  governs  the  flow  of  vapor.    The  tube  h  conveys  the  alco- 
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bol  to  the  flame  aud  contains  a  sieve  to  filter  the  alcohol.    The 
container  is  connected  with  the  burner  by  a  metallic  tube. 

To  heat  one  liter  of  water  from  a  temperature  of  15°  C.  to  100° 
C.  (59°  F.  to  212°  F.),  Barthel's  alcohol  Bunsen  burner,  after 
model  B,  requires  seven  and  three-fourths  minutes,  with  a  con- 
sumption of  25  Gm.  alcohol.  This  lamp  mav  be  used  for 
benzm  as  well  as  alcohol.  The  market  affords  all  forma  of  coal- 
oil  stoves  which  are  cheap  and  convenient,  but  they  must  be 
kept  scrupulously  clean,  and  the  wicks  well  trimmed  to  avoid  a 
smoky  flame.    The  cheapness  of  illuminating  gas  has  led  to  its 


Fio.  69 
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general  adoption  for  heating  purposes.  All  the  vnrious  forms  of 
gas  stoves  depend  on  the  principle  of  the  Bunsen  burner,  the  in- 
vention of  which  revolutionized  our  methods  of  heating,  and 
made  coal  gas  the  most  important  of  fuels.  It  was  found  by 
Bunsen  in  1855,  that  the  admixture  of  a  certain  portion  of  air 
with  coal  gas  before  combustion,  caused  it  to  burn  with  a  uon- 
luminous  name  of  high  temperature.  Figs.  68  and  69  illustrate 
the  construction  of  a  Bunsen  Durner.  The  gas  enters  at  h,  having 
iis  exit  at  a,  where  it  becomes  mixed  with  air  which  enters  at  the 
openings  at  the  base  of  the  burner.  The  volume  of  air  can  be 
regulated  by  the  movable  collar  d;  when  this  is  closed,  a  lumi- 


noas,  smoky  flame  is  obtained.  The  cone  g  placed  on  fj  is  in- 
tended to  prevent  tho  flame  from  flickering,  which  is  liable  to  be 
caused  by  slight  draughts.    On  viewing  a  well  regulated  Bunsen 
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•.  Fluw  Stniek  BKfc. 


flame  (Fig.  70  x),  it  will  be  seen  to  consist  of  an  inner  colorless  or 
pale-blue  cone,  which  is  a  mixture  of  cold  air  and  gas,  and  an 


/??\ 


rnn  (Seren-tubed). 


outer  mantle,  which  is  the  burning  mixture  of  gas  and  air.  If 
the  admission  of  air  below  is  limited,  the  outer  mantle  and  tip 
of  the  flame  become  smoky,  with  a  loss  in  temperature.  Should 
too  much  air  and  too  little  gas  be  admitted,  the  flame  either  be- 
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comes  extinguished  or  strikes  back  and  burns  at  the  bottom  of  the 
lamp  where  the  gaa  enters;  the  Same  at  the  orifice  then  becomes 


Solid  Flame  Uuting  Bumer.  FlMcber  Otu  SMto. 


small  (Fig,  70  y),  is  colored,  and  devoid  of  the  blue  cone;  a  peculiar, 
pungent  odor  (due  to  acetylene)  is 
Flu.  76.  at  once  detected;  the  lamp  be- 

comes very  hot,  causing  the  rub- 
ber tube  to  melt,  and  the  escaping 
gas  igniting  gives  rise  to  danger 
of  fire,  fii  such  cases  the  gas 
should  be  at  once  tnrned  off, 
and  then  readmitted  in  greater 
or  lesser  volume,  as  may  be  re- 
quired. For  various  operations 
where  a  higher  degree  of  heat  is 
required,  we  have  such  burners 
as  are  illustrated  in  Figs.  71, 
72.  For  purposes  of  evapora- 
tion, the  forms  of  stoves  illus- 
trated in  Figs.  73,  7-i  and  75  are 
employed.  In  many  chemical 
operations  we  employ  the  "  blast 
lamp  "  (Figs.  77,  78)  which  gives 
erHMier.  au    intensely  hot   flame.     The 


gas  enters  at  a  and  the  air  is  forced  by  meana  of  a  pair  of 
bellowB  (foot  blower)  through  b.  The  current  of  either  may  be 
reguUted  to  produce  any  sized  flame  at  wiU. 


Ota  Lamp  wllh  Cn«  Seetlon. 


MEASURING  OF  HEAT. 
A  thermometer  is  an  instrument  which  is  employed  to  measure 
temperature.  All  bodies  expand  by  the  action  of  heat;  gases 
being  the  most  expansible,  followed  then  by  liquids  and  lastly 
by  solids.  Liquids  are  best  suited  for  the  construction  of  ther- 
mometers, for  the  expansion  of  solids  is  too  small  and  that  of 
gases  too  great.  Mercury  and  alcohol  are  the  liquids  most 
generally  employed,  the  former  boiling  at  a  very  hign  tempera- 
ture (350°  C.)  and  solidifying  at  -29.4°  C. ;  the  latter  does  not 
solidify  until  it  reaches  -130.5°  C.  The  mercury  thermometer 
is  employed  most  commonly.  It  consists  of  a  capillary  glass 
tube,  at  one  extremity  of  which  is  blown  a  small  oulb,  either 
cylindrical,  spherical  or  coiled.  When  it  is  to  be  filled,  a  rubber 
tube  and  small  funnel  is  attached  at  the  upper,  open  end,  then  a 
very  pure  mercury  is  poured  into  the  funnel;  on  warming,  the 
air  is  partially  driven  out,  and  on  cooling,  a  portion  of  the  mer- 
cury is  forced  down  the  capillary  into  the  bulb,  by  the  pressure  of 
the  atmosphere.  This  is  repeated  until  the  bulb  is  filled.  Then 
the  bulb  of  the  thermometer  is  heated  until  the  mercury  rises 
and  fills  the  entire  tube;  at  this  moment  it  is  quickly  sealed  at 
the  extremity.  On  cooling,  the  mercury  contracts,  leaving  a 
vacuum  above.  The  space  above  the  mercury  is  often  filled 
with  nitrogen  gas.    This  is  done  to  avoid  any  oxidation  of  the 
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surface  of  the  mercury,  which  would  follow,  should  any  air  be 
present.  After  filling,  the  tubes  are  allowed  to  stand  for  some 
time  (six  months  to  two  years),  to  allow  for  the  complete  con- 
traction of  the  glass,  after  which  they  are  ready  for  graduation. 
For  this  purpose  two  fixed  points  are  selected  which  can  always 
be  readily  reproduced.  Experiment  has  proven  to  us  that  ice 
always  melts  at  the  same  temperature,  no  matter  how  great  the 
amount  of  heat  may  be.     Again,  distilled  water  under  the  same 


Fig.  79. 


Fig.  80. 


Fig.  81. 
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pressure  and  in  a  vessel  of  the  same  kind,  always  boils  at  the 
same  temperature.  Hence  the  first  unit  selected  is  the  tempera- 
ture of  melting  ice,  also  designated  as  **  freezing  point "  (viz.  of 
water);  and  the  second  unit  is  the  temperature  of  distilled  water 
boiling  in  a  metal  vessel  under  normal  atmospheric  pressure 
(760  Mm).  The  space  between  the  freezing  and  boiling  points 
may  be  divided  into  any  even  number  of  parts.  In  the  case  of 
the  Centigrade  or  Celsius  thermometer,  it  is  divided  into  100 
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equal  parts,  the  same  scale  of  graduation  being  continued  above 
the  boiling  point  (100°)  and  below  the  freezing  point,  which  is 
here  marked  (0°).  The  degrees  below  the  zero  point  are  indi- 
cated by  a  minus  sign,  and  those  above,  by  a  plus  sign  before  the 
figure.  The  latter,  however,  is  omitted  in  practice.  The  three 
most  popular  thermometric  scales  are  those  of  Fahrenheit,  R&iu- 
mur,  and  Celsius  (Centigrade).  The  Fahrenheit  thermometer, 
which  is  the  household  thermometer  of  England  and  America, 
was  invented  by  Fahrenheit,  a  merchant  of  Dantzic,  in  1709. 
The  temperature  of  melting  ice  was  marked  as  32®  and  that  of 
boiling  aistilled  water  as  212°.  There  are  180°  between  these 
two  points,  this  being  done  in  view  of  some  old  observations  on 
the  expansion  of  mercury.  The  Reaumur  scale,  the  domestic 
thermometer  of  Germany,  Austria,  and  some  other  European 
countries,  selects  the  temperature  of  melting  ice  as  the  0°  point, 
and  80°  as  the  boiling  point  of  water,  or  more  accurately  stated 
as  the  temperature  of  the  steam  arising  from  boiling  distilled 
water,  under  the  standard  pressure  of  760  Mm.  Between  these 
points  it  is  divided  into  80  parts,  from  the  observation,  that 
there  are  80  thermal  units  absorbed,  in  bringing  one  kilogramme 
of  ice  of  the  temperature  0°,  to  water  of  the  temperature  0°.  For 
scientific  purposes,  the  Celsius  (Centigrade)  scale  is  the  only  one 
employed.  The  two  fixed  temperatures  are  that  of  melting  ice, 
viz.,  0°,  and  the  temperature  of  steam  which  issues  from  distilled 
water  boiling  under  the  standard  pressure  of  760  millimeters,  viz., 
100°. 

Rules  for  converting  Degrees  of  the  Centigrade  Thermometer  into 
those  of  Fahrenheit^  and  vice  versa,* — (Rules  for  Reaumur  are 
omitted) : — 

1.  Given  Celsius  (C.)  degrees,  sought  Fahrenheit  (F,). 

?^^  4-  32  =  F. 

5 

2.  Given  Fahrenheit  (F.)  degrees,  sought  Celsius  (C). 

5  (F.  -  32)  _  p 
9  ^* 

Examples.— ConyQvi  100°  C.  into  °  F. 

?J<  ^  -f-  32  =  F.  ;  ?^  +  32  =  F.  ;  180  +  32  =  F.  ;  212  =  F. 

5  0 

or, 

F.  =  '^  '??  +  32  =  (9  X  20)  +  32  =  180  +  32  =  212. 

5 

Convert  212°  F.  into  °  C. 

?i?l2  ^M)  =  c.;  ?-^  •??  =  C;  5  X  20  =  C;  100  =  C. 


or. 


C  =  ^-^212  -^32)  ^  5y_m  =  5  X  20  =  100. 

9  9  ^ 


*  Thennometric  Tables,  see  Appendix. 
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Of  late  years  a  number  of  improvements  have  been  made  in 
the  manufacture  of  thermometers,  particularly  in  those  which 
are  to  be  employed  for  estimating  extremely  high  or  low  tem- 
peratures. A  Jena  laboratory  for  glass  industry  has  produced  a 
new  glass  of  great  resistance,  so  that  a  glass  thermometer  has 
been  made  to  read  to  550°  C.  (1,022°  F.^.  In  this  instrument, 
the  capillary  above  the  mercury  column  is  filled  with  carbonic 
acid  gas.  At  low  temperatures,  mercury  thermometers  have 
the  drawback  that,  when  the  temperature  sinks  to  -  39°  C,  the 
mercury  freezes.  For  low  temperatures  alcohol  thermometers 
are  usually  employed;  but  since  it  is  difficult,  if  not  impossible, 
to  obtain  the  alcohol  entirely  free  from  water,  their  registration 
cannot  be  entirely  trusted.  Anhydrous  toluol  (colored  black) 
has  been  proposed  as  a  substitute,  its  limit  being  +  170°  C.  and 
-  70°  C*  Because  of  its  black  color,  the  column  is  easily  dis- 
tinguished ;  it  expands  with  great  regularity,  and  being  of  much 
less  density  than  mercury,  the  bulb  of  the  thermometer  can  be 
made  larger,  thus  securing  greater  exactitude  in  the  registration. 
It,  however,  does  not  receive  impressions  of  heat  and  cold  very 
readily,  hence  it  is  very  slowly  sensitive.! 

CoivdUions  of  Delicacy. — A  delicate  thermometer  should  indicate 
very  small  changes  of  temperature,  and  should  quickly  assume 
the  temperature  of  the  surrounding  medium.  To  fulfil  this  con- 
dition, the  capillary  tube  should  be  very  narrow,  so  that  each 
degree  occupies  as  great  a  length  on  the  stem  as  possible,  and 
may  easily  be  subdivided  into  small  fractions.  The  bulb  should 
be  as  small  as  possible,  so  that  it  may  rapidly  assume  the  tem- 
perature of  the  surrounding  medium.  Thermometers,  even  when 
constructed  with  the  greatest  of  care,  are  subject  to  various  sources 
of  error.  These  are  1st:  The  bore  or  calibre  of  the  thermometer 
may  not  be  uniform.  2d :  A  gradual  contraction  of  the  bulb  may 
cause  the  zero  point  to  rise.  3d:  A  gradual  expansion  of  the 
bulb  may  cause  a  lowering  of  the  zero  point. 

A  thermometer  bulb  after  being  blown  and  allowed  to  cool,  con- 
tinues to  contract  long  after  the  glass  has  attained  its  normal  tem- 
perature, even  for  a  period  of  two  years  or  more.  Thermometers 
which  have  been  exposed  to  prolonged  high  temperatures  suffer  a 
marked  expansion  of  the  bulb.  For  this  reason,  thermometers 
which  are  employed  for  scientific  purposes  should  be  examined 
from  time  to  time.  The  most  convenient  for  purposes  of  compari- 
son and  correction,  are  the  so-called  "Normal  Thermometers." 
These  are  very  accurate  instruments,  having  been  compared  with 
the  air  thermometer,  and  are  usually  accompanied  with  a  table 
of  corrections  furnished  by  some  authority  engaged  in  the  verifi- 


*  Most  be  under  pressure,  as  Its  boiling  point  is  111^. 

t  Messrs.  Baly  and  Cborley  have  constructed  a  thermometer  of  a  very  resistant  glass,  which  will 
stand  a  red  heat;  emploving  in  place  of  mercury  an  alloy  of  sodium  and  potassium.  The  boiling 
point  of  this  is  near  700^  C,  and  congealing  point  at  -89  C.  It  is  graduated  from  200<^  C.  on.  The 
capillary  above  is  filled  with  Nitrogen  under  a  pressure  equal  to  that  of  the  atmosphere  outslda 
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Fio.  82. 


^^■':^ 


cation  of  standards.  The  thermometer  to  be  tested  is  suspended 
alongside  of  a  normal  instrument,  and  the  bulbs  of  both  immersed 
in  a  bath  of  sulphuric  acid,  which  is  slowly  heated,  under  the  same 
conditions  as  in  the  determination  of  melting  points  (Fig.  88),  the 
temperatures  being  compared  and  noted.  When  such  an  instru- 
ment is  not  at  hand,  the  best  plan  is  to  ascertain  the  accuracy  of 
the  zero  and  boiling  points.  To  determine  the  accuracy  of  the 
zero  point,  we  fill  a  funnel  with  crushed  (well  washed)  ice,  so  that 
the  water  may  have  free  escape;  in  this  the  thermometer  is  im- 
mersed so  that  the  top  of  the  mercury  column  (0°  C.  or  32°  F),  is 
below  the  surface  of  the  ice.  Here  it  is  allowed  to  remain  from 
15  to  30  minutes,  then  the  height  of  the  column  is  noted  without 
removing  the  instrument,  when  it  should 
stand  at  0°  C.  or  32°  F.  For  making  the 
readings,  a  lens  should  be  employed.  To 
ascertam  the  accuracy  of  the  boiling  point, 
suspend  the  entire  thermometer  at  least  a 
few  degrees  above  its  boiling  point  mark, 
in  the  steam  which  issues  from  boiling  dis- 
tilled water,  as  illustrated  in  Fig.  82. 
With  the  barometer  standing  at  760  milli- 
meters, the  mercury  should  be  stationary 
at  100°  C,  or  80°  R.,  or  212°  F.  If  the 
barometer  varies  from  the  standard  of  760 
Mm.,  then  an  increase  of  pressure  of  1  Mm. 
of  mercury  produces  an  elevation  of  the 
boiling  point  by  0.0375°  C;  or,  an  eleva- 
tion of  the  boiling  point  by  1°  C.  cor- 
responds to  a  difference  of  pressure  of 
26.8  Mm.  of  mercury.  This  correction 
is  applied  thus:  supposing  that  the  boil- 
ing point  reading  was  99.5°  and  the  height 
of  the  barometer  752  Mm.;  then  the  required  correction  would  be 

— ^g-"  =  jIs  =  0-S^»  therefore,  the  corrected  boiling  point  would 
be  99.5°  +  0.3°  =  99.8°. 
The  results  of  examination  would  be  entered  thus : — 


Boiling^iMint  Determination. 


Freezing  point, -0.1®. 

Boiling        **      99.8°. 


To  calibre  the  tube,  that  is  to  ascertain  whether  the  calibre  is 
uniform  throughout,  a  short  portion  of  the  mercury  column  is 
detached  from  the  remainder  by  a  slight  jerk,  and,  on  inclining 
the  tube  it  may  be  made  to  pass  from  one  portion  of  the  bore  to 
another.  If  the  scale  is  properly  graduated,  the  column  will  fill 
an  equal  number  of  divisions  throughout.* 


•  For  the  accurate  calibration  of  a  thermometer  see  Kohliaiuch's  **  Leitfaden  der  Praktischen 
Phyalk." 
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BOILING  POINT. 

Boiling  is  the  conversion  of  a  body  from  the  liquid  into  the 
gaseous  condition,  which  takes  place  from  the  surface  as  well  as 
the  interior,  elastic  bubbles  of  vapor  being  rapidly  produced, 
which  give  rise  to  a  bubbling  movement  throughout  the  entire 
liquid.  The  boiling  of  a  liquid  takes  plac^  at  a  constant  tempera- 
ture which  depends  on  the  nature  of  the  liquid  and  the  atmos- 
pheric pressure.  Tlte  BoUing  Pointis  "  the  temperalure  at  which  the 
evolved  vapors  overcome  the  atmospheric  pressure"  or  at  which  the 
tension  of  its  vapor  equals  the  atmospheric  pressure.  The  tem- 
perature of  ebullition  or  the  boiling  point,  rises  with  increasing, 
and  falls  with  decreasing  pressure.  For  instance,  water  boils  on 
the  Montblanc  under  a  pressure  of  about  one-half  an  atmosphere 
at  86,5°  C.  Under  a  pressure  of  ,^  of  an  atmosphere,  it  would 
boil  at  0*  C.  The  temperature  of  the  evolved  vapors  is  known  as 
the  boiling  point,  and  this  is  entirely  independent  of  the  various 
conditions  which  influence  the  boiling  of  liquids,  since  the  tem- 
perature of  the  boiling  liquid  depends  on  the  amount  of  air  bub- 
bles, the  nature  of  the  containing  vessel,  its  surface,  the  nature 
and  cohesion  of  the  fluid,  the  atmospheric  pressure,  etc.  Since 
the  boiling  point  is  an  nn- 
^"''  ^  changeable    physical   con- 

stant, the  determination  of 
this  affords,  like  that  of  the 
"melting  point,"  a  means 
of  identification,  and  gives 
ns  a  very  important 
criterion  concerning  the 
purity,  of  many  substances. 
For  determining  the  boil- 
ing point  of  liquids,  an  ap- 
paratus arranged  as  shown 
'    in    Fig,  82  may    be  em- 

filoyed;  but  should  the 
iquid  be  inflammable,  the 
apparatus  must  be  so  ar- 
ranged that  the  vapors  may 
be  removed  and  condensed, 
asshowninFig.84,  Forthia 
purpose  a  "  fractionating 
flask  "  (Fig.  83)  is  selected. 
The  thermometer  should 
extend  far  enough  down 
the  neck  to  have  its  bulb 
.^  .     .    ^  ..  ™.  .  .  ^  .,  -    ,    slightly  below  the  side  exit, 

and  it  should  never  come 
in  contact  with  the  boiling  liquid  itself.  The  flask,  which 
should  never  be  filled  more  than  about  %  full,  as  shown  in  the 
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illustration,  is  theu  connected  with  a  condenser  and  distillation 
commenced,  by  heating  the  flask  very  slowly  over  a  low  Hame. 
As  soon  as  the  liquid  begins  to  boil,  the  thermometer  ceases 
rising  and  remains  stationery.  Care  must  be  taken  not  to  heat 
too  rapidly,  banning  with  a  small  flame  and  slowly  increasing 
if  necessary. 

Fio.  84. 


Appinitiu  fbr  FncUoul  DlstlUalloo. 


MELTING   POINT. 


By  determining  the  melting  point  we  are  able  to  judge,  not 
only  as  to  the  identity,  but  also  as  to  the  purity  of  many  organic 
solids.  The  presence  of  but  minute  amounts  of  admixtures 
mosMy  influences  the  melting  point  by  either  raising  or  lowering 
it.  The  constancy  of  the  melting  point  of  a  substance  after  re- 
crystallization,  is  a  proof  of  its  purity.  To  determine  the  melting 
point,  we  first  prepare  one  or  more  suitable  tubes.  This  is  done 
by  heating  uniformly  a  tube  of  light  fusible  glass  in  a  strong  gas 
flame,  drawing  it  out  when  sufficiently  soft,  as  illustrate  in 
Figure  85,  then  cutting  it  in  the  middle  of  the  capillary  and  at 
both  of  the  enlarged  extremities,  and  closing  the  tips  of  the 
pointed  extremities  in  the  flame.  The  substance  to  be  examined 
IS  then  reduced  to  a  fine  powder,  placed  on  a  watch  glass  and 
either  dried  in  an  oven  at  100°  C,  or  allowed  to  stand  over  sul- 
phuric acid  in  a  desiccator,  until  it  ceases  to  lose  weight.  The 
fine  powder  is  introduced  into  the  tube  and  by  careful  tapping  is 
brought  to  the  bottom.    The  capillary  is  filled  to  a  height  equal 
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to  that  of  the  mercury  in  the  bulb  of  the  thermometer.  Care 
should  be  taken  that  the  powder  is  Dot  packed  too  firmly  in 
the  tube.  Then  the  one  or  two  tubes  are  fastened  to  the  ther- 
mometer by  means  of  a  rubber  band  (Fig.  87),  care  being  taken 
that  it  is  at  least  4  Cm.  (IJ  Inches)  above  the  surface  of  the 
liquid  into  which  the  tubes  are  inserted.  The  thermometer 
with  attached  tube,  is  secured  in  a  clamp  and  lowered  into  a 
beaker  glass  (100-120  Cc),  which  is  filled  about  two-thirds  full 


PnaiDg  Out  Tablng. 

with  any  clear  liquid  which  is  a  good  conductor  of  heat.  The 
extremity  of  the  thermometer  should  extend  to  within  about 
1.2  Cm.  (or  J  inch)  of  the  bottom.  The  beaker  is  then  placed  on 
a  wire  gauze  and  heated  slowly  by  a  low  flame,  the  liquid  being 
carefully  stirred  so  as  to  insure  a  uniform  equalization  of  the 
temperature  throughout.  Most  substances  shrink  just  before 
melting,  which  usually  takes  place  suddenly.  The  moment 
when  Biis  occurs,  note  the  temperature  of  the  thermometer.     It 


tat  Moiling  Point  Detanulnuloa.    a.  Pniperlf  dnwD.    b,  c  Foorlj  di 


should  be  observed  whether  the  body  melts  suddenly  and  en- 
tirely, or  whether  a  portion  melts  and  the  balance  requires  a 
higher  temperature  and  greater  length  of  time  until  a  clear  fluid 
results,  this  ext«uding  over  several  degrees  of  temperature.  When 
such  is  the  case,  the  substance  is  not  uniform,  that  is,  there  naay 
be  an  admixture  of  some  foreign  or  allied  body  of  a  higlier  or 
lower  melting  point,  or  it  is  sometimes  due  to  imperfect  drying 
of  the  substance.    Some  bodies  melt  with  decomposition,  gener- 


ally  eiving  off  gases  or  charring.     As  fluids  for  heating,  we 
usually  employ 

Distilled  water  foi  enbetancM  which  do  not  melt  above,  .  .   .    S0°  C 
Pure  coDcentrated  anlphnric  acid  for  subetaucee  wbicb 

do  not  melt  above, 180°  C. 

Paraffin  for  eubBtaaces  wbich  do  not  melt  above, 300°  C. 

Sulphuric  acid  is  most  geoerally  employed  for  this  purpose. 

Fig.  87, 
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Another  form  of  apparatus  (Tig.  90)  is  often  employed,  which 
is  essentially  a  double-mantled  tube.  The  outer  tube  (6,  b)  is 
filled  with  sulphuric  acid,  introduced  at  d,  the  inner  one  (c) 
serves  as  an  air-bath,  in  which  the  entire  thermometer  is  sus- 
pended, being  thus  subjected  to  a  uniform  temperature. 


MELTING  ASD  CONGEALING  POINT  OF  FATS  AND  WAXES. 

There  are  various  methods  in  use  for  determining  the  melting 

point  of  fats,  which  yield  more  or  less  discordant  results.     Some 

methods  rely  upon  the  temperature  at  which  the  fat  begins  to 

melt,  others  upon  the  temperature  at  which  tlie  mass  is  entirely 
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melted  and  clear;  still  others,  upon  the  temperature  when  the 
fat  begins  to  soften.  The  simplest  method  is  to  draw,  by  suction, 
a  little  of  the  melted  fat  into  a  capillary  tube,  to  fuse  the  end  of 
this  in  a  flame;  when  cool,  to  fasten  it  to  a  thermometer  and  to 
proceed  as  already  directed.  Bensemann  suggests  that  a  few 
drops  of  melted  fat  be  brought  to  the  position  a  (Fig.  91),  by 
holding  the  tube  horizontally  and  tipping,  then  cooling  by  drop- 


'neck  FUak  Un  Melting 


ping  water  or  ether  on  the  outside;  placing  in  a  beaker  of  cold 
water,  attaching  to  a  thermometer,  and  then  warming  very 
slowly.  The  moment  when  the  solid  particle  of  fat  becomes 
loosened  and  begins  to  flow  down  the  side,  the  temperature  is 
taken  as  the  "Beginning  Point ;"  the  moment  it  unites  at  6  to 
form  a  clear  globule  of  melted  fat,  the  temperatui'e  is  taken  as 
"  Complete  Melting  Point" 


CHAPTER  IV. 


APPUOATIONS  OF  HEAT  IN  VARIOUS  OPERATIONS. 

Under  this  head,  those  operations  which  require  a  high  degree 
of  temperature  will  be  considered  first. 

Use  op  the  Blowpipe. — A  knowledge  of  the  uses  of  the  blow- 
pipe is  important,  because  of  its  various  applications  in  analytical 
chemistry.  For  a  thorough  treatise  upon  this  subject,  the  student 
is  referred  to  Plattner's  "  Blowpipe  Analysis."  In  using  the  blow- 
pipe (Fig.  93),  a  constant  and  uniform  blast  of  air  must  be  kept 
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Sectional  View  of  Bun^eu  Flame. 


Blowpipe. 


up  through  the  tube  by  the  operator,  who  must  use  the  muscles 
of  his  cheeks  as  bellows,  keeping  them  constantly  distended,  sup- 
plying air  as  needed.  This  blast  of  air  passing  through  the  dark 
cone  of  any  illuminated  flame,  produces  the  same  effect  as  that 
of  the  Bunsen  flame,  only  that  the  flame  becomes  long  and 
pointed  and  of  a  very  high  temperature,  being  concentrated  on  a 
very  small  amount  of  space.    The  flame  (P^ig.  92)  is  divided  into 
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two  parts,  the  inneror  deoxidizing  zone  at  a  a  {or  a.  Fig.  94),  for  here, 
where  some  of  the  gas  is  yet  unoxidized  or  unconsuined,  oxygen 
is  removed  from  metallic  oxides.   The  outer  zone  at  e  (or  h,  Fig.  94) 
is  called  the  oxidizing  flame,  for  by 
Fro.  94.  the  high  temperature  and  free  ac- 

^   cessof  oxygen,  metals  are  easily  oxi- 
Tl2  dized.    When  a  flame  of  very  high 
temperature  is  desired,  the  Blast- 
lamp(Figs.  77-78)  is  best  employed. 
Operations  with  thb  Cruci- 
ble.— Crucibles    are  cup-shaped 
Biovpipe  Fiuue.  vesscls    of    round    or    triangular 

shape,  made  of  such  material  that 
they  will  stand  extremely  high  temperatures.  They  are  em- 
ployed in  carrying  on  the  process  of  ignition  or  smelting.  For 
large  operations  the  Hessian  or  graphite  crucible  is  employed. 
The  former  ia  somewhat  porous,  nence  only  adapted  for  crude 
work;  the  latter  withstands  a  very  high  degree  of  heat  and  rapid 
changes  of  temperature  without  fracture.  For  general  operations 
of  the  chemist  or  apothecary,  the  porcelain,  platinum,  silver,  or 

Fio.  9,'i. 
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CniclbLm.    a,  b.  Hcnliin 


e.  Graphite,    i.  Plitlnuia. 


nickel  crucible  is  employed.    Porcelain  crucibles  are  t 
for  general  use,  because  of  their  cheapness,  and  also  because  1 
care  is  necessary  to  keep  them  in  order.    Moist  substances  should 
never  be  heated  in  such  a  crucible  over  the  naked  flame ;  the 
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substance  should  be  first  dried  by  placing  the  crucible  and  moist 
coQteots  on  a  water  bath  or  in  a  drying  oven,  and  when  thor- 
oughly dry,  placing  the  substance  in  the  crucible  and  tho  latter 
on  a  pipe-stem  triangle  and  carefully  heating,  increasing  gradu- 
ally to  redness.  These  crucibles  should  not  be  employed  for 
fusing  caustic  alkalies.  Platinum  crucibles  are  best  adapted  for 
all  kinds  of  work  ;  wet  precipitates  may  be  thrown  in  and  ignited 
at  once.  They  will  stand  an  intense  degree  of  heat,  and  may  be 
also  rapidly  heated  and  cooled.  Mixtures  that  give  off  free  chlo- 
rine or  contain  lead  compounds  should  not  be  heated  in  them.* 
They  should  be  cleansed  from  time  to  time  by  scouring  with 
moist  rotten  stone;  sand  should  not  be  used.  Silver  or  nickel 
crucibles  are  best  adapted  for  fusing  caustic  alkalies.  Care 
should  be  observed  not  to  heat  too  strongly,  for  there  is  danger 
of  melting  the  silver. 
The  following  operations  require  a  high  degree  of  heat. 

Iqnitiox. — Ignition  is  employed  in  analysis  to  remove  the  last 
portions  of  moisture,  or  of  organic  or 
volatile  constituents,  from  inorganic  Fio.  96. 

substances,  in  order  to  convert  the 
latter  into  stable  weighable  com- 
pounds. The  filter  contaming  the  pre- 
cipitate is  folded,  laid  in  the  crucible, 
which  is  then  placed  on  the  triangle 
and  heated  slowly,  until  the  filter  is 
reduced  to  ash ;  then  the  heat  is 
increased  to  dull  redness,  in  which 
case  the  blast  lamp  is  necessary; 
when  sufficiently  cool  it  is  placed  in 
the  desiccator,  being  handled  with  a  i 
pair  of  crucible  tongs.  In  the  early  ' 
stage  of  the  operation  the  crucible 
lid  is  remoted,  until  all  carbonace- 
ous matter  is  burned  off;  then  the  ipniion -iih  aiMt  l«dp, 
cover  is  replaced  and  strong  heat  applied. 

Examples : — A  solution  of  ferric  salt  is  precipitated  by  an  alkali, 
and  the  precipitate  washed  and  dried ;  ignition  then  converts  the 
ferric  hydrate  into  ferric  oxide,  in  which  condition  it  is  weighed. 
Fej(OH)g  =^  FejOi  -f-  3HjO.  Phosphoric  acid  is  precipitated  as 
magnesium  ammonium  phosphate  (2MgNH4P04  -|-  6H1O),  this 
on  ignition  yields  2NHj,  7HjO  and  magnesium  pyrophosphate, 
MgjPj07.     The  latter,  a  stable  compound,  is  weighed. 

Fusion. — This  is  liquefaction  of  solids  by  heat.  We  fuse  those 
solids  which  liquefy  and  do  not  suffer  chemical  change  by  heat. 
In  analytical  operations,  we  fuse  silver  chloride,  to  preclude  the 
'  presence  of  any  moisture.    Caustic  potash  and  soda  are  fused  to 

•  Al»  cauillc  ilhulla,  cTiiiii<l»,  or  ueUllJc  ulu  miied  wJtb  oi^iuilc  nwtten. 
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remove  all  traces  of  moisture,  then  moulded  into  sticks  for  the 
sake  of  convenience. 

Calcination. — Some  inorganic  substances  are  strongly  heated 
(until  of  constant  weight),  to  remove  some  volatile  constituent,  as 
water  of  hydration  or  carbonic  acid  gas. 

Example. — Limestone  or  marble,  on  being  strongly  heated, 
yields  calcium  oxide  (burnt  lime).  CaCOs  =  CaO  +  CO2.  Mag- 
nesium carbonate  (MgC08^4  Mg(0H)2,  when  calcined,  yields  mag- 
nesia (MgO),  water,  and  carbonic  acid  gas. 

Deflagration. — The  subjecting  of  inorganic  salts  to  strong 
heat,  whereby  decrepitation  takes  place,  with  the  giving  off  of 
oxygen. 

Example : — 

NaNO,      =      NaNO,      +    O.  2KC10,        =  2KC1         -f  30., 

Sodium  Nitrate.     Sodium  Nitrite.    Oxygen.      Potassium  Chlorate.    Potassium  Chloride.    Oxygen. 

ToRREF ACTION. — The  subjection  of  drugs  to  roasting,  whereby 
an  alteration  in  their  properties  and  constituents  takes  place. 

Example. — Roasting  of  coffee.  Rhubarb  possesses  cathartic 
properties,  but  on  roasting,  the  cathartic  principles  are  destroyed 
and  an  astringency  is  developed. 

Carbonization. — The  subjection  of  organic  substances  to 
strong  heat,  out  of  contact  with  air. 

Example. — Wood  charcoal  and  animal  charcoal.  When  these 
are  burnt  in  open  air,  ashes  result. 


CHAPTER   Y. 

VAPORIZATION. 

OPERATIONS  REQUIRING  A  LOWER  DEGREE  OF  HEAT. 

The  slow  conversion  of  a  liquid  into  the  gaseous  condition  is 
designated  by  the  general  term — Vaporization.  As  applied  in 
pharmacy,  when  it  is  intended  to  separate  a  volatile  liquid  or 
solvent  from  a  solid,  or  a  more  volatile  from  a  less  volatile  liquid, 
or  for  the  purpose  of  concentrating  a  liquid,  the  process  is  called — 
Evaporation.  When  the  volatile  portion  or  portions  are  sought 
for,  it  is  called — Didillaiion. 

When  a  volatile  is  to  be  separated  from  a  non-volatile  solid,  it 
is  called — Sublimaiion. 

When  solids  are  deprived  of  moisture  at  a  low  temperature,  it  is 
cal  led — Desiccation. 

When  crystalline  salts  are  deprived  of  their  water  of  crystalli- 
zation by  means  of  heat,  it  is  called — Exsiccation. 

EVAPORATION. 

In  pharmaceutical  operations,  we  resort  to  evaporation  for  the 
concentration  of  liquids,  the  collection  of  a  dissolved  body 
(extracts),  or  for  the  purposes  of  crystallization.  For  pharmaceu- 
tical or  technico-chemical  purposes,  the  principal  object  to  be 
considered,  is  the  saving  of  time  and  fuel.  In  quantitative  analy- 
sis this  is  not  considered,  care  and  attention  being  directed  to 
guard  against  loss  or  contamination  of  the  substance  operated 
upon. 

According  to  the  nature  of  the  solvent  and  dissolved  body,  the 
method  of  evaporation  may  vary,  as  to  the  vessel  in  which  it  is 
carried  on,  or  the  nature  of  the  source  of  heat.  The  rapidity  of 
evaporation  depends  upon : 

1st.   The  amount  of  surface  of  the  liquid  exposed. 

2d.    The  temperature  of  the  liquid. 

3d.    The  nature  of  the  liquid  and  dissolved  body. 

4th.  The  atmospheric  pressure,  also  the  atmospheric  humidity. 

5th.  The  nature  of  the  vessel. 

1st.  The  larger  the  amount  of  surface  exposed  to  the  atmos- 
phere, the  more  rapid  is  the  rate  of  evaporation,  for  it  is  evident, 
that  a  liquid,  contained  in  a  shallow  evaporating  dish,  will  evap- 
orate more  rapidly  if  exposed  to  the  same  temperature,  than  the 
same  quantity  contained  in  a  deep  narrow  vessel.  Shallow 
vessels  favor  ebullition,  since  there  is  a  lesser  weight  of  liquid 
above  the  source  of  heat,  thereby  affording  less  resistance  to  the 
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escape  of  bubbles.    When  we  evaporate  below  the  boiling  point, 
we  endeavor  to  present  as  much  surface  as  possible  to  the  air; 


Mechuiica]  Stirriag  AppArauu  tot  Ernpontliig;  Fluids 

hence,  by  stirring,  a  fresh  surface  is  constantly  brought  into  con- 
tact with  the  air.    Thia  operation  may  be  carried  on  mechanic- 


MMbania]  SiirriDg  Ap|ianuu  (Ktehler  uid  Mutini). 

ally  by  means  of  rotating  paddles  or  stirrers  as  shown  in  Figs. 
97, 98.  This  method  of  evaporation  is  lai^ely  employed  in  phar- 
maceutical laboratories,  when  we  desire  to  rapidly  concentrate  a 
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fluid  at  as  low  a  temperature  as  possible,  to  avoid  injury  to  the 
drug.  In  various  industries,  where  surface  evaporation  is  re- 
sorted to,  lar^e  surfaces  are  exposed  in  shallow  tanks,  over  which 
the  flame  or  hot  gases  from  the  furnace  are  allowed  to  pass.  Fig. 
99  illustrates  the  same  principle,  but  in  another  form.    This 

f)atented  apparatus  of  Siebert  (Hanau  a/M)  is  employed,  particu- 
arly  in  the  concentration  of  sulphuric  acid.  The  acid  to  be  con- 
centrated flows  into  the  pocket  at  d,  the  blade  /  controls  the  flow 
so  that  only  a  thin  stream  trickles  down  the  steps  of  the  heated 
cascade,  the  vapors  being  removed  through  b, 

2d.  The  increase  of  temperature  in  a  liquid  accelerates  evap- 

FlG.  99. 


Gtocade  ErAporttor  (Siebert). 


oration  by  increasing  the  elastic  force  of  the  vapors,  thereby 
facilitating  their  rapid  liberation. 

3d.  The  nature  of  the  liquid  or  solvent,  that  is,  the  density  and 
cohesion  of  liquids,  influence  the  elastic  force  of  the  vapors. 
Relatively  light  and  mobile  liquids,  as  ether  or  alcohol,  evaporate 
far  more  rapidly  than  water,  since  they  allow  a  rapid  escape  of 
the  bubbles,  while  on  the  contrary,  the  cohesiveness  of  a  solution, 
like  that  of  syrup  or  mucilage,  offers  considerable  resistance. 

The  presence  of  a  dissolved  body  raises  the  boiling  point  of  a 
liquid  materially,*  hence,  not  only  is  a  higher  degree  of  heat  re- 
quired, but  the  rapidity  of  evaporation  may  also  be  greatly  im- 
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peded,  by  the  formation  of  a  crust  of  saline  or  other  solid  matter 
on  the  surface  of  the  liquid,  which  would  prevent  the  escape  of 
steam  bubbles. 

4th,  Influence  of  atmospheric  pressure.  As  already  stated,  the 
boiling  point  of  water  at  normal  atmospheric  pressure  of  760 
Mm.  is  100°  C.  If  the  pressure  be  decreased,  the  boiling  point 
likewise  decreases,  with  an  increase  of  rapidity  of  evaporation.* 
If  pressure  be  exerted  upon  the  surface  of  the  liquid,  it  causes  a 
material  rise  in  the  boiling  point,  diminishing  the  rapidity  of 
evaporation.f    Again  no  evaporation  can  take  place  in  a  space 

Fig.  100.  Fio.  101. 


already  saturated  with  the  vapor  of  the  same  liquid ;  hence  the 
rapidity  of  evaporation  is  influenced  according  as  the  surround- 
ing atmosphere  is  more  or  less  charged  with  the  same  vapor.  If 
we  direct  a  current  of  air  over  the  surface  of  the  fluid,  we  remove 
these  vapors,  thereby  facilitating  the  rapidity  of  evaporation. 
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With  this  end  in  view,  various  forms  of  apparatus  have  been 
devised.  Figs.  100, 101,  illustrate  a  very  simple  and  old  mode  of 
creating  a  current  of  air  during  evaporation.  By  means  of  a 
clamp,  the  funnel  is  held  inverted  over  the  evaporating  dish,  the 
vapors  rising  upward  through  the  funnel,  and,  like  a  smoke-stack, 
cause  (by  auction)  a  current  of  air  to  flow  in  over  the  surface.  In 
Fig.  100  the  edge  of  the  funnel  is  curved  inward,  forming  a 
trough  to  collect  any  vapors  that  may  be  condensed,  thereby  pre- 
venting them  from  running  back  into  the  fluid.  Fig.  101  consists 
of  a  plain  funnel  with  a  glaBs  tube  fitted  into  the  neck  by  means 
of  a  cork,  the  lower  end  extending  close  to  the  surface  of  the 
liquid. 

5th.  Nature  of  the  vessel  and  surface.  Evaporation  proceeds 
more  rapidly  with  less  heat,  in  vessels  of  copper,  platinum,  iron, 
tin,  etc.,  than  in  those  of  porcelain  or  stoneware,  because  of  the 
greater  heat-conductivity  of  the  former.  If  the  inner  surface  of 
the   vessel   be   rough,   corrugated,  or   uneven,   more   surface   is 


EnporMlug  ud  Ctt>UUIi1pb  Dlihea. 

thereby  exposed  to  the  source  of  heat,  imparting  therefore  a 
greater  amount  of  heat  to  the  fluid,  thereby  facilitating  evapora- 
tion. In  a  glass  vessel  of  smooth  surface,  the  temperature  of 
water  may  rise  to  105°  C.  before  boiling,  because  the  water  be- 
comes superheated  ;  if,  however,  a  piece  of  broken  glass  be  placed 
in  the  vessel,  ebullition  will  proceed  rapidly  and  quietly  at  the 
usual  temperature  of  100°  C,  the  sharp  edges  of  the  glass  acting 
mechanically,  in  assisting  the  disengagement  of  heat  bubbles. 

EvAPOEATiNQ  VESSELS. — Porcclain  dishes  are  best  suited  for 
the  general  uses  of  the  apothecary.  They  should  be  as  shallow  as 
possible,  as  illustrated  in  Fig.  102.  The  last  four,  flat-bottomed, 
are  intended  as  crystallizing  dishes.  Because  of  their  fragile 
nature,  to  avoid  injury  to  either  the  vessels  or  the  substance, 
they  are  best  heated  on  a  steam,  water,  oil  or  sand  bath.  Where 
it  is  necessary  to  heat  directly,  the  precaution  should  be  taken 
carefully  to  dry  the  outside  of  the  vessel,  then  to  place  on  a  wire 
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gauze  (Fig.  103),  and  to  begin  heating  gradually.    When  heated 
over  a  naked  Same,  porcelain  cracks  readily  if  the  residue  is 
allowed  to  set  or  cake  in  the  bottom  ; 
FiQ.  103.  hence,  in  evaporating  any  saline  so- 

lution, we  should  always  carry  on 
the  operation  on  a  bath,  thereby  not 
only  avoiding  the  danger  of  break- 
ing the  dish,  but  also  the  sputtering 
of  the  boiling  liquid  and  decrepita- 
tion of  the  drying  salt.     Enameled 
sheet  iron   dishes  (agate  ware),  are 
very  useful  and  lasting ;  they  should 
be  discarded  should  tne  enamel  chip 
off  inside.    Copper  and  earthen  ves- 
sels are  employed  only  by  the  manu- 
facturer  for  larger   operations.      In 
many  chemical  and  pharmaceutical 
operations,  it  should  not  be  forgotten 
that  the  material  of  the  evaporating 
EnpormiiDKonrDinctFiuw.        vesscl  exercises    Considerable  influ- 
ence on  the  liquids  to  be  heated. 
Distilled  water,  when  boiled  some  time  in  glass  vessels,  dissolves 
appreciable  quantities  of  this  material,  owing  to  the  formation  of 
soluble  silicates.    The  particles  dissolved,  consist  chiefly  of  potassa, 
or  soda  or  lime,  in  combination  with  silicic  acid.    A  much  larger 


Erapanllng  witb  Propcrlj  Rcgulited  Flams.  Eripantlng  Flime  rnn««Hril7  High. 

proportion  of  glass  is  dissolved  by  water  containing  caustic  or 
carbonated  alkali.  Traces  of  copper  are  generally  found  in 
extracts  which  have  been  evaporated  in  copper  vessels. 

Vacuum  Apparatus — Distillation  under  Diminished  Pres- 
sure.— The  boiling  point  of  a  liquid  is  materially  lowered  by  the 
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removal  of  atmospheric  pressure  (page  74).  We  find  a  practical 
application  of  this  fact  m  the  "  Vacuum  Apparatus."  It  is  of 
tne  greatest  value  in  pharmacy,  for  the  rapid  concentration 
of  certain  solutions,  chiefly  of  organic  subatancea,  such  as  the 
preparation  of  solid  extracts.  By  means  of  this,  we  not  only 
increase  the  rapidity  of  evaporation,  but  avoid  injury  to  the 
sensitive  plant  principles  by  the  lower  degree  of  heat  employed 


Pluniunullcml  V 


and  absence  of  the  oxidizing  influence  of  the  atmospheric  air. 
Fig.  106  illustrates  a  smaller  vacuum  apparatus  for  the  use  of 
apothecaries.  Its  construction  and  use  is  exceedingly  simple. 
The  copper  vessel  A,  serves  as  a  water  or  steam  bath ;  in  this  is 
suspended  a  porcelain  or  copper  evaporating  dish,  which  is 
covered  with  a  glass  dome  B  made  air-tight  by  means  of  a 
rubber  joint;  the  thermometer  is  inserted  at  C,  the  air  is 
exhausted  from  the  apparatus  by  means  of  the  water-pump 
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E,  the  glass  vessel  D  serves  as  receiver,  and  this  is  closed  by 
a  metallic  lid  to  which  is  attached  the  indicator  F,  eoabllng  the 
operator  t«  control  the  vacuum.  Fig.  107  illustrates  a  sectional 
view  of  a  vacuum  pan  of  modem  construction,  such  aa  is  employed 
in  the  industries  in  the  evaporation  of  sugar  solutions,  or  the  pre- 
paration of  extract  of  beef  or  of  condensed  milk. 

Rapid  Evaporation. — Besides  the  usual  methodsof  facilitating 
evaporation  as  already  mentioned,  another  deserves  mention,  and 
that  is  the  method  of  evaporation  by  the  application  of  heat  over 
the  surface  of  the  liquid.    This  method  is  applicable  to  all  nou- 


Taoaiun  Appmtua  (Section*!  View). 

inflammable  liquids  such  as  are  not  injured  by  heat.  Fig.  108 
illustrates  Hempel's  method,  in  which  a  flame  burns  directly  above 
the  surface  of  the  liquid,  the  entire  apparatus  being  enclosed  in 
a  cjiindrical  glass  vessel,  which  is  connected  with  a  pump,  for  the 
rapid  removal  of  the  vapors  and  gases.  Another  method,  is  that 
of  the  Government  laboratory  of  the  Netherlands.  The  apparatus 
consists  of  an  iron  plate  standing  on  four  legs ;  near  each  corner 
is  an  opening,  through  which  the  tubes  of  four  Bunaen  burners 
are  adjusted  to  such  a  height  that  their  tops  will  be  a  little  higher 
than  the  edge  of  the  capsule,  which  is  placed  on  the  iron  plate. 
A  second  plate  is  then  adjusted  over  the  burners.  When  the  four 
flames  are  lit,  the  upper  iron  plat«  causes  the  Hame  to  spread  out 
along  the  plate,  the  direct  flame  and  radiation  of  heat  causing  a 
rapid  evaporation  to  take  place.  In  evaporating  inflammable 
liquids  on  the  water  bath,  it  is  best  to  surround  the  flame  by  a 
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wire  gauze  (Fig.  109),  to  prevent  any  danger  of  the  liquid  or  vapor 
igniting. 

For  evaporating  or  concentrating  small  amounts  of  very  vol- 
atile solvents,  such  as  ether,  carbon  disulphide,  or  petroleum-other, 
it  is  best  to  place  the  vessel  in  a  drying  closet  or  desiccator,  or  under 
a  bell  jar  which  contains  an  absorbent,  such  as  sulphuric  acid, 
burnt  lime,  etc.     For  when  we  allow  these  fluids  to  evaporate  in 
the  open  air,  owing  to  the  lowering  of  temperature,  and  the  rapidity 
of  evaporation,  water  is  condensed  on  the  sides  of  the  vessel  and 
contaminates  the  residue.     Evaporating  vessels  of  perpendicular 
sides  should  be  employed  for  volatile  fluids  containing  solids  in 
solution,  as  such  liq- 
uids  tend  to  crawl  up         "°-  '"®- 
over  the  edge  of  the 
disband  deposit  solid 
matter    on  the  out- 
side. 

In  evaporating  liq- 
uids which  give  off 
irritating  or  corrosive 
vapors  or  gases,  the 
operation  should  be 
carried  on  in  a 
"  Draught  Chamber  " 
(Fig.llU).  This  may 
be  built  into  a  chim- 
ney-flue or  imme- 
diately in  front  of  it, 
the  flue  leading  off 
from  the  top  of  the 
chamber  as  shown  in 
Fig.lll.  Agasflame 
above,  serves  to 
create    a  jtrong,  ,,.,b,i, ...»,„„., i..™„.«. 

steady  draught.      Ihe        Htmpd'i  ETqwintor.  Liquids. 

chamber  may  be  ar- 
ranged as  shown  in  Fig.  110,  where  the  draught  chimney  extends 
up  one  side  of  the  chamber,  there  being  an  opening  below,  where 
the  gas  may  be  lit.  Above,  near  the  top,  is  a  similar  opening 
which  serves  to  remove  all  gases.  In  absence  of  such  arrange- 
ments, we  can  remove  noxious  vapors  by  inverting  a  large  glass 
funnel  over  the  evaporating  liquid,  it  Being  held  in  position  by 
means  of  a  clamp  over  the  neck,  a  rubber  tuoe  being  attached  to 
the  end  of  the  stem,  and  the  other  end  of  the  tube  oeing  led  to 
a  water  pump.  The  suction  produced  will  carry  off  all  traces  of 
noxious  vapors. 

In  evaporating  such  liouids  as  contain  salts  in  solution,  it  ia 
necessary  to  stir  constantly,  for,  as  they  become  concentrated,  a 
saline  scum  forms  upon  the  surface,  which  prevents  further  evap- 
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oration.  Those  liquida  which  form  a  scum  or  akin  on  the  surface 
(for  instance,  milk),  or  frothy  solutions,  should  be  mixed  with 
washed  sand  or  pulverized  glass  and  then  constantly  stirred  while 
evaporating. 

Spontaxeous  Evaporation. — AVater,  and  many  other  liquids, 
will  evaporate  without  the  application  of  heat,  simple  exposure 
to  the  air,  with  as  large  an  area  of  surface  as  possible,  being  all 
that  is  necessary.  We  apply  this  method  of  concentration  to  those 
liquids  which  contain  bodies  that  are  injured  by  any  degree  of 


Dnught  Cbimban. 

heat,  also  for  the  slow  vaporization  of  solutions  of  crystallizable 
bodies,  so  as  to  obtain  well  formed  crystals.  Instead  of  placing 
these  vessels  in  the  open  air,  we  sometimes  place  them  in  a  dry- 
ing closet  (Fig.  172),  always  taking  the  precaution  to  cover  the 
vessel  loosely  with  muslin  or  filter  paper,  to  prevent  particles  of 
dust  from  dropping  into  the  fluid.  We  sometimes  carry  on  slow 
evaporation,  by  placing  the  dish  on  a  tripod  and  setting  this  upon 
the  flat  top  of  a  stove  or  over  a  hot-air  radiator. 


VAPORIZATION. 


Baths. — For  general  purposes  of  evaporation  we  employ  various 
baths,  in  order  that  we  may  control  the  temperature  of  evapora- 
tion.   Sometimes  it  is  necessary  to  subject  a  liquid  to  a  prolonged 
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high  degree  of  heat;  again  in  others  it  is  necessary  that  the  tem- 
perature should  not  rise  above  a  certain  limit.  For  the  purpose 
of  regulating  the  degree  of  heat,  we  use  various  liquids  of  different 


Wiler-BUli  altb  CooMant  Lerel  (KekuK).  Witer-Bith  wllh  CotiMaut  Lerel. 

boiling  points.  The  most  common  of  these  ia  water  (used  in  the 
wal€r-bath),  by  means  of  which  we  reach  a  temperature  of  about 
97°  C.    A  water-bath  ia  generally  constructed  of  copper  or  iron 
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(Figs.  112, 113).    In  order  to  avoid  the  inconvenience  of  constant 
watching,  to  prevent  them  becoming  dry,  the  water-bath  with 


WUcr-Buh  (LiDdoltK  Statm  Er^wnting  KMtta. 

"  constant  level "  (Figs.  114, 115, 116)  is  preferably  employed.    In 
this,  the  water  entera  through  B,  flows  through  the  honzontal  tube 


Iran  8>Dd-B*lli>. 

C into  the  bath;  this  when  filled  to  a  certeiin  height,  causes  an 
overflow  in  B  which  is  drawn  off  by  A.    By  connecting  this  with 
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a  hydrant,  the  supply  of  water  can  be  automatically  regulated. 
Fig.  116  illustrates  another  design  in  which  the  water  is  supplied 
from  a  self-regulating  flask.    Fig.  118  illustrates  a  large  copper 
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bath  heated  by  a  steam  jacket ;  this  is  adapted  for  evaporating 
large  quantities  of  liquids,  as  in  the  preparation  of  extracts. 

A  Sand-bath  (Fig.  119)  consista  of  an  iron  vessel  with  either 
round  or  flat  bottom,  which  is  filled  with  clean,  dry  sand. 
The  vessel  to  be  heated  is  partly  embedded  in  the  sand  and  the 
entire  apparatus  placed  on  a  tnpod  (Fig.  120)  and  heated.  We 
employ  the  sand-bath  where  we  desire  to  heat  a  body  to  a  high 
temperature;  it  also  prevents  a  too  rapid  rise  or  fall  of  tempera- 
ture which  might  fracture  the  vessel.  Sea-sand  answers  best  for 
this  purpose,  but  it  should  be  well  washed  and  dried  before  use. 
Not  more  than  a  J  inch  layer  of  sand  should  be  between  the 
bottom  of  the  vessel  and  the  flame. 

The  Oil-bath  is  intended  for  temperatures  not  rising  above 
250°  C.  (482°  F.).  For  this  purpose  paraffin  is  best  adapted, 
since  most  fixed  oils  evolve  very  unpleasant  odors  when  heated. 
Glycerin  may  be  employed  for  temperatures  up  to  165°  C,  (329"  F.). 


Trlpodi. 

Baiht  of  Saline  SoliUiom  are  occasionally  employed  in  oper- 
ations where  we  desire  a  certain  regulated  temperature,  without 
the  precaution  of  a  thermometer.  The  boiling  point  of  distilled 
water  is  100°  C.  (212°  F.),  but  if  we  add  any  inorganic  salt,  the 
boiling  point  will  be  raised  in  proportion  to  the  quantity  and 
nature  of  the  salt  added.  If  we  form  saturated  solutions  we  find 
their  boiling  points  constant  The  following  table  gives  the  tem- 
perature obtamed  by  boiling  saturated  solutions  of 

C.  F. 

Sodium  Snlphate, 100.5*  213.5° 

Copper  Sulphate 102."  215.6° 

Sodinm  Borate, 105.'  23J.OO 

Sodinm  Chloride, 106.°  222.8° 

Ammoniam  Chloride, 112.°  233.6° 

Sodium  Nitrate, 117."  248.6° 

Sodium  Acetate, 122.°  251.6° 

Cskinm  Chloride, 141.°  2a5.e° 

Zinc  Chloride 160.'  320.0' 

Zinc  Chloride,  Fused, 700.°  1292.0° 
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Air-bath* — " Dr.  H.  Fleck  recommendB  the 
Fio.  128.  simple  air-bath,  illustrated  by  Fig.  122,  which 

has  been  in  successful  use  for  several  years, 
doing  all  the  duty  of  a  water-,  oil-,  or  paraffin- 
bath.  By  a  circular  cut,  or  other  means,  glass 
rings  are  prepared  from  cylinders  of  various 
sizea.  These  rings,  from  2  to  10  Cm.  in  height, 
are  set  upon  an  iron  plate,  and  covered  witK  a 
similar  one,  having  suitable  openings  for  receiv- 

'  ing  a  thermometer  and  the  vessels  intended  to 
be  set  upon  it.  If  high  temperatures  are  re- 
quired, low  cylinders  (of  about  2  Cm.  in  height) 
are  selected ;  low  temperatures  require  higher 
cylinders  {5  to  10  Cm.).  The  cylinders  are 
scratched  with  a  diamond,  in  a  vertical  direc- 
tion, so  that,  if  they  should  crack,  the  fracture 
would  always  be  up  and  down.  This  simple 
apparatus  permits  the  maintenance  of  constant 

^  temperatures  of  50  to  300'  C.  (122  to  572°  F.)  and 
Fi«k'8  Air-Bith.  over.  Its  transparency  is  an  additional  advan- 
tage, when  it  is  of  importance  to  watch  the  pro- 
gress of  reactions,  as  often  happens,  in  synthetical  experiments." 

•  A*  de«rlbad  In  tbe  "  Proceed.  Amer.  Phu.  Am'd,"  1381,  p.  5S. 


CHAPTER  YI. 

DISTILIiATION. 

Distillation  is  a  process  whereby  a  liquid,  by  means  of  heat,  is 
converted  into  a  vapor,  and  this  in  turn  condensed  to  a  liquid  by 


implHI  Form  ol  tHnlllMloD. 


means  of  a  properly  arranged  cooling  apparatus.    This  process 
is  resorted  to  as  a  means  of  purification,  or  for  the  separation  of 
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the  more  volatile  from  less  volatile  liquids.  The  apparatus  (Fig. 
125)  consists  of  a  distilling  flask  (or  retort)  A,  in  which  the  fluid 
is  heated;  the  cooling  apparatus  B,  in  which  the  vapors  are 


condensed,  is  called  the  amdenser,  and  the  receiver  C,  which 
serves  to  collect  the  condensed  liquid.    The  distilling  Aask  may 


FncUoTUtlng!  Fluk  'Itb  TbennoniMer.  Flaak  vltb  T.Tubs  tor  FncliODillDg. 


be  either  a  retort  as  illustrated  in  Fie.  123,  or  an  ordinary  flask 
fitted  witli  a  bent  tube  serviog  as  a  oeak  (Fig.  125),  or  we  may 
employ  the  " fractionaling  flask  "  (Fig,  126),  which  admits  the  use 
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of  a  thermometer,  the  projecting  side  tube  being  connected  with 
the  condenser. 
Retorts  are  either  closed  as  illustrated  in  Fig.  128,  a,  b,  or  pro- 


GUb  RMotU.    a,  b.  PlaiD.    c,  d.  TubulUni. 


vided  with  tubulures  aa  in  c,  d,  through  which  liquids  may  be 

introduced,  and  a  thermometer  or  safety  tube  inserted.     This 

tubulure  must  be  so  placed,  that  the  ther- 

Fio-  129-  mometer    or   safety   tube    may  stand    erect 

V  and    not    come    in    contact    with  the  sides 

L  of  the  retort.      The    retort    must    be    bent 

■  in   sharp  at  the   throat,  without,  however, 

JM  Fio.   130. 

Mm 

pilling  Itrtort.  Eirrhennn  RctorU. 

narrowing  the  tube  (see  Fig,  128, 
a).  The  form  b  should  not  be 
used,  because,  in  boiling,  the  fluid 
is  liable  to  be  carried  over  mechanic- 
ally. Fig.  128,  d  illustrates  a  poorly  « 
placed  tubulure.  Besides  glass  re- 
torts, we  find  them  made  of  porce- 
lain, earthenware,  iron,  lead,  copper 
and  platinum. 

Condensers. — Fig.  132   illustrates 
the  most  simple  form  of  the  so-called 

"  Liebig's  Ctondenser,"  which  consists  j^^  Vi^,i.  ~ — 

of  a  long  glass  tube  surrounded  by 

another  of  larger  diameter,  but  somewhat  shorter.     At  either 
end  of  the  larger  outside  tube,  is  inserted  a  perforated  cork, 
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which  serves  to  hold  the  inner  tube  and  admits  a  short  bent  tube 
at  botii  ends,  serving  for  the  admission  and  discharge  of  water 
which  circulates  in  the  space  between  the  smaller  and  larger 
tubes.  Figs.  133,  134,  135,  illustrate  other  forms,  in  which  the 
openings  for  water  are  made  in  the  upper  and  lower  ends  of  the 
outer  tube. 

Another  form  is  that  in  which  the  inside  condensing  tube  con- 
sists of  a  spiral ;  this  offers  a  very  large  condensing  sniface,  which 
is  necessary  in  distilling  volatile  liquids,  such  as 
ether  or  carbon  disulphide.  Fig.  136  illustrates  the 
"worm  condenser;"  these  are  made  of  glass  or  metal. 
When  of  metal,  the  condensing  pipe  should  be  of 
block  tin;  it  is  cooled  by  means  of  water  or  a  mixture 
of  salt  and  ice. 


When  the  boiling  point  of  the  liquid  is  above  150"  C,  it  is 
only  necessary  to  employ  an  air  cooler,  which  consists  of  a 
straight  tube  of  large  enough  diameter  to  slip  over  the  tip 
of  the  fractionating  flask,  as  in  Fig.  137. 

The  Recover  is  that  vessel  into  which  the  distillate  is  discharged. 
For  this  purpose  we  employ  flasks  or  beaker  glasses.  The  tip  of 
the  condenser  should  reach  inside  of  the  receiver,  and  these  con- 
nections should,  if  the  liquid  is  volatile,  be  as  tight  as  possible, 
making  allowance  however,  for  the  escape  of  air. 

Adapters  are  conical  or  tapering  tubes  of  glass,  which  are 
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intended  to  be  attached  to  the  extremity  of  the  condenser  for 
conveying  the  distillate  into  the  receiver,  or  for  attaching  the 
retort  or  flaak  to  the  condenser  (Fig.  142). 

Pinch-coch. — For  the  purpose  of  Fio.  136. 

regulating  the  flow  of  a  liquid  or 
gas  through  a  rubber  tube,  we  em- 
ploy the  pinch-cock  (Fig,  138} ;  b  illus- 
trates the  usual  form,  which  is  in- 
tended for  closing  a  tube  entirely ;  c 
and  d  can  be  regulated  by  means  of  a 
thumb-screw,  hence  they  are  better 
adapted  for  general  use.  The  form 
illustrated  in  Fig.  139  recommends 
itself,  in  that  it  can  be  quickly  ap- 
plied or  removed  from  a  rubber 
tube,  ^vithout  breaking  a  joint;  and 
by  means  of  the  thumb-screw,  the 
flow  of  gas  or  water  can  easily  be 
regulated. 

In  the  fitting  up  of  apparatus, 
some  attention  must  be  given  to 
the  cutting  and  bending  of  glass 
tubing.    Heavy  tubing  should  not 

be  used,  except  in  special  instances  D,.,,ii,„gApp.„,^.uhwomQ,nd™»r. 
where  strength  is  specially  desired. 

Cutting. — Glass  tubing  is  cut  by  means  of  a  triangular  file  or  a 
hardened  knife  edge.     Make  a  single  well  defined  scratch  or  cut 


L  DlXIlUllDg  Fluk.    i.  A 


across  the  surface,  then  grasp  the  tube  on  each  side  of  the  cut, 
(Fig,  144)  with  thumbs  opposite,  and  carefully  tap  on  the  edge  of 
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a  table.  With  tubes  of  larger  diameter  or  of  very  thick  walla, 
the  die  cut  should  extend  at  least  half  around  the  tube.  When 
the  file  or  knife  fails  to  cut  properly,  moisten  with  water  or  oil  of 
turpentine.  When  it  is  necessary  to  break  oflF  a  short  piece,  near 
the  end  of  a  tube,  hold  the  shorter  portion  in  a  towel  to  protect 
the  hand  from  accidental  cutting.  The  rough  ends  of  tubing 
should  always  be  rounded  off  by  holding  (rotating)  them  in  the 
Bunsen  fiame. 


Bending  Tabing. — Tabing  is  best  bent  in  the  wide  gas-flame, 
holding  it  horizontally,  and  rotating  slowly  and  continually  so  as 
to  heat  the  tube  uniformly  on  all  sides.  As  soon  as  the  glass 
begins  to  soften,  hold  it  steady,  and  allow  it  to  slowly  bend  to  the 
desired  angle,  as  shown  in  Fig.  145.  In  bending  a  tube,  force 
must  not  be  used,  the  tube  must  be  carefully  and  equally  heated 
on  all  sides,  otherwise  the  angle  will  be  unevenly  bent  or  collapse 
(Fig.  146,  b,  c).  A  poorly  bent 
""■  "*  angle    may    be    restored    by 

softening  it  in  the  flame  and 
then  blowing  into  the  tube 
gently,  having  closed  one  end 
with  a  cork. 

Drawing  out  of  Tubing. — It  is 

often  necessary  to  draw  a  tube 

out  to  a  fine  point  for  use  in 

the  wash    bottle    (also    called 

"spritz  bottle"),  or  for  making  a  capillary  tube  for  melting 

Kmt  determinations.  The  same  precautions  should  be  observed 
re  in  regard  to  heating,  as  above  stated ;  then,  when  the  glass 
is  sufficiently  soft,  the  tube  should  be  drawn  out  slowly  to  the 
desired  length,  constantly  rotating. 

Fitting  Joints. — For  fitting  the  joints  of  apparatus,  the  best  velvet 
corks  should  be  employed.    Rubber  stoppers  are  still  better,  as 


Adjiutable  Pinch-cocka. 
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Fio.  14a. 


Retort  Stand. 


ReoelTen.    a.  Plain,  ft.  Tubulated.   &  Quilled. 


Fig.  142. 


*^^9SBi 


Adiqyten  (Various  Forma). 
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they  give  a  very  secure  joint,  impervious  to  acids  and  gases.    But 
rubber  should  not  be  employed  where  it  might  come  in  contact 


Fig.  143. 


Retorts  with  Adapters. 


with  such  solvents  as  chloroform  or  carbon  disulphide.    Corks, 
before  being  used,  should  be  gently  pressed  and  softened,  then 


Fig.  144. 


Position  for  Breaking  a  Tube. 


perforated  by  means  of  the  cork  borer  (Fii 
are  brass  cylinders,  the  lower  edges  of  whicl 


[.  147).     Cork  borers 
L  are  sharpened,  the 


Fig.  146. 


Fig.  145. 


a. 


b. 


c. 


Bending  Tubing. 


Properly  and  Poorly  Bent  Tubing. 
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milled  heads  affording  a  firm  hold.  When  dull,  the  edges  are 
readily  sharpened  on  a  whetetone  or  by  a  file.  In 
boring  a  cork,  place  it  on  a  block  of  wood,  then  with  a  ^^°^^- 
tube  of  the  desired  size,  moistened  with  water,  push 
through  with  a  twisting  motion,  taking  care  to  keep  the 
instrument  perpendicular.  In  boring  through  a  thick 
cork,  the  bored  portion  is  apt  to  break  off,  nefore  the 
borer  is  through.  If  this  happens,  the  borer  should  be 
withdrawn,  cleared  of  the  brolten  piece,  then  wetted  and 
reinserted,  when  it  will  readily  cut  its  way  further. 
Never  try  to  bore  a  hole  by  starting  it  from  both  sides ; 
it  will  rarely  come  true.  In  piercing  rubber  stoppers, 
the  end  of  the  tube  should  be  moistened  with  alcohol 
or  oil  of  turpentine.  When  we  desire  to  connect  two 
tubes  of  equal  diameter  or  where  one  just  fits  over  the 


other,  it  is  best  to  slip  a  short  piece  of  flrmly-fitting  rubber  tube 
over  the  joint ;  this  will  render  it  air-tight  and  secure. 
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Inveiied  or  l^mght  {or  Sefiux)  Ckmdenaer. — When  it  is  desired  to 
Bubject  a  substance  to  the  action  of  a  boiling  liquid  solvent,  we 


Lerer  Cork  Fn 
Fra.  160. 


employ  a  flaak  with  inverted  condenser,  ar- 
ranged as  shown  in  Fig.  151.    The  flask  is 

heated  on  a  water,-  sand-  or  oil-bath,  or 

over  the  free  flame,  according  to  the  nature 

and  boiling  point  of  the  solvent.    Fie.  152 

illustrates   a   Soxhlet'a    apherkal   condenser, 

which    possesses    the    great    advantage    of 

occupying  a  very  little  space.  The  cold 
water  enters  at  a  into 
the  condensing  space  c, 
flowing  out  through  b. 
The  vapor  enters  in 
from  below,  circulates 
around   and   condenses  "R£iuiOmi™M." 

in  the  space  d. 

DistUlatioii  in  a  Current  of  Steam. — This  is 
applicable  to  such  substances  as  are  injured 
■ "  when  heated  or  distilled  alone,  as  the  vola- 
tile oils  or  organic  bases ;  we  also  employ  it 
in  the  separation  of  volatile  from  non-vola- 
tile bodies.  The  substance  is  placed  in  the 
distilling  flask  d  (Fig.  153)  with  a  little  water, 
«.„~.  then  steam  (generated  in  the  can  a)  is  blown 

through.     This  carries  the  volatile  matter 

over,  to  be  condensed  in  the  cooler  e.    Distillation  is  usually 

continued  until  oily  globules  cease  to  be  driven  over. 


BoihlM'n  fipherlaal  Om- 
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Fractional  Distillalwn  is  the  separation  of  a  mixture  of  liquids 
of  different  degrees  of  volatility,  by  means  of  distillation.  Mixed 
volatile  liquids  have  no  constant  boiling  point.  The  complete 
separation  of  two  liquids,  which  boilatditlerent  temperatures,  can 
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middle  fractions  havo  been  separated  into  the  higher  and  lower 
boiling  constituents.  Thus,  for  instance,  on  distilling  a  mixture 
of  two  liquids,  their  boiling  points  being  respectively  100°  C.  and 
150°  C,  the  liquid  of  lower  boiling  point  does  not  come  over  alone 
at  100°  C,  nor  the  higher  alone  at  150°  C,  but  the  thermometer 
gradually  rises  from  100°  C.  up,  and  we  obtain  a  mixture  of  both 
uquids,  in  different  proportions.    In  this  case,  we  collect  that 
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portion  which  comes  over  between  100°  and  110°,  which  consists 
almost  entirely  of  the  lower  boiling  fraction,  then  another  fraction 
boiling  between  110°  and  140°,  which  consists  of  a  mixture  of  both 
constituents  in  about  equal  proportions ;  finally,  the  fraction  from 
140°  to  150°,  which  contains  mainly  the  higher  boiling  liquid. 
The  middle  fraction  (110°  to  140°)  is  then  again  fractioned,  the 
respective  distillates  between  100°  and  110°  and  140°  and  150° 
being  set  aside;  this  is  again  repeated  if  necessary,  and  finally  the 


French  Colomn  Apptntus. 

high  and  low  boiling  fractions  (i.  c,  those  from  100°  to  110°,  and 
those  from  140°  to  150°),  are  in  turn  distilled,  the  receiver  being 
changed  at  every  5  degrees.  These  products  on  repeated  distilla- 
tion m  the  above  manner,  finally  yield  the  two  pure  products. 
For  carrying  on  fractional  distillation,  the  apparatus  as  illustrated 
in  Fig.  84,  should  be  employed, 
Rectificalion  is   repeated  distillation,  whereby  a  distillate  of 
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greater  purity  is  obtained.  It  is  employed  more  particularly  in 
the  recovery  of  alcohol  from  weak  alcoholic  liauids.  Fig.  154 
shows  the  construction  of  a  Column  Apparatus  sucn  as  is  employed 
in  rectifying  alcohol.  It  consists  of  a  boiler  (a)  heated  by  a 
steam-pipe,  containing  the  weak  alcoholic  liquids;  the  vapors 
)ass  upward  through  the  rectifier  (b),  then  over  to  the  condenser 
c).  The  highly  concentrated  spirit  condenses  in  the  refrigerator 
(d),  while  the  aqueous  portion  flows  by  the  tube  (e)  back  into  the 
rectifier. 

Bumping, — Certain  liquids,  when  heated  to  boiling  in  glass  re- 
torts, give  rise  to  bumping.  Ebullition  may  begin  regularlv  and 
the  distillation  proceed  steadily,  when  suddenly  the  liquid  will 
become  quiet  for  a  few  seconds.  It  then  becomes  superheated, 
and  this  is  followed  by  a  slight  explosion  of  accumulated  vapor, 
called  "  bumping."  By  the  force  of  the  explosion,  quantities  of 
the  liquid  are  carried  over  mechanically,  into  the  condenser. 
This  bumping  may  be  avoided  or  lessened,  by  placing  pieces  of 

Fig.  155. 
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Retorts  for  DeBtructlre  Distillation. 

broken  glass  in  the  retort,  or  where  admissible,  by  suspending  a 
string  in  the  flask,  reaching  just  below  the  surface  of  the  liquid. 
These  act  mechanically  in  assisting  the  evolution  of  vapor 
bubbles. 

Destructive  DistilMion  is  a  process  by  which  dry  organic  sub- 
stances are  subjected  to  heat  in  closed  iron  vessels,  whereby  gases, 
liquids,  and  thick  tarry  products  are  obtained.  The  temperature 
of  decomposition  of  difierent  substances  is  very  different ;  some 
decompose  at  a  temperature  below  100°  C,  while  others  require 
a  red  heat.  Many  bodies  yield  entirely  volatile  products  with  no 
residue,  while  others  leave  a  large  amount  of  solid  residue  in  the 
retort. 

Amber  yields  Succinic  Acid  and  Oil  of  Amber. 

Cane  Bdgar,  Ci^H^O,,,  yields  Caramel,  C],H]f,09,  and  water,  2H,0. 

Salicylic  Acid,  CrHeOj/yields  Phenol,  CgHsOH,  and  Carbon  Dioxide,  CO,. 

By  the  dry  distillation  of  complex  organic  substances,  such  as 
bones,  wood,  or  coal,  we  obtain  a  large  number  of  products,  gas- 
eous, liquid,  and  tarry. 
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PHABMAOBUnCAL  STILLS. 


StilU  are  employed  by  the  pharmacist  for  the  purpose  of  recov- 
ering alcohol  or  ether,  or  for  the  preparation  of  distilled  water. 
They  are  constructed  of  plain  or  tmned  copper  and  are  not 
adapted  for  distilling  acid  or  corrosive  liquids.     They  are  all  con- 


Ltboralarr  Copper  SlllL 

stnieted  after  the  same  general  principle,  differing,  however,  as 
to  their  form.  The  simplest  form  of  a  copper  still  is  that  illus- 
trated in  Fig.  156,  consisting  of  a  boiler  surmounted  by  a  detach- 
able hood  ;  a  block  tin  worm  serves  as  the  condenser. 

The  Cwrtman  Still  (Fig.  157)  is  of  simple  construction,  being 
specially  adapted  for  recovering  alcohol  from  wealc  percolates. 
(a)  Serves  as  the  body 
of  the  still,  (d)  is  a 
perforated  diaphragm 
which  can  be  placed 
in  the  still  when  neces- 
sary. The  alcoholic 
vapors  pass  upward 
I  through  the  condenser 
(k,  n).  Cold  water 
enters  at  (f).  After 
circulating  around  the 
tube  (n),  the  heated 
water  is  discharged 
through  the  tube  (l) 
into  the  still  head  (b), 
from  which  it  may  be 
siphoned  off.  Tlie 
Sim  (Sectioiui  view).  heated   water   at  (b) 

serves    to    condense 
most  of  the  aqueous  vapors,  while  the  alcohol,  being  more  vola- 
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tile,  passes  over  and  is  condensed  by  the  colder  water  of  the  con- 
denser. When  it  is  desired  to  prepare  essences,  spirits  or  medi- 
cated waters,  the  necessary  plant  parts  are  placed  in  the  diaphragm 
D  and  the  steam  arising  from  a  passes  through,  taking  up  the 
volatile  products. 

Fig.  159  illustrates  EdePs  modified  Hood  Still.    The  condenser 
consists  of  a  number  (22)  of  cylindrical  tubes,  closed  at  the  upper 

Fig.  158. 


Beck's  Pharmaceutical  Still.* 

end,  and  fitted  into  the  diaphragm  c,  c.  The  cold  water  circulates 
around  these,  thereby  aflFording  a  very  large  condensing  surface. 
The  Prentiss  Still  (Fig.  160),  or  alcohol  reclaimer,  is  based  on 
very  much  the  same  principle  as  the  "  Column  Apparatus  "  (Fig. 
154).  The  boiler  of  the  still  (a)  has  an  upright  column  (b)  screwed 
to  it,  and  inside  of  this  are  a  series  of  perforated  diaphragms 

*  The  constructioQ  of  this  still  is  so  simple  that  an  explanation  was  not  considered  necessary. 
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aoWered  to  a  central  rod  (aee  B,  154).  The  mixed  alcoholic  and 
aqueous  vapors  pass  upward  throiigh  the  diaphragms,  which 
interefere  with  the  passage,  and  cause  the  condensation  of  the 
aqueous,  while  the  alcobolic  vapors  pass  on  through  c  into  the 


Edd'B  Hood  StllL  PceotlH  SIJlI. 

condensing  worm,  being  discharged  at  o.     Cold  water  enters  at  b 
and  is  discharged  at  spout  p. 

Fig.  161  illustrates  the  Remmgtm  Still.  The  body  of  the  still 
is  made  of  tinned  copper,  the 
bottom  being  flat.  The  top 
is  surmounted  by  a  flat  brass 
ring,  upon  which  fits  a  like 
1)1,  ring  which  is  soldered  to  the 
still  top  or  dome,  which  is 
,  held  in  position  by  the 
clamps  L,  The  opening  in 
the  still  dome,  which  is 
drawn  over  to  one  side,  is 
terminated  by  a  brass  collar, 
over  which  the  end  of  the 
condenser  fits.  The  condenser,  which  is  but  a  foot  in  length,  is 
the  special  feature;  this  consists  of  seven  parallel  block-tin  tubes, 
enclosed  in  a  copper  cylinder.  At  each  end  of  Ibis  cylinder  is  a 
short  tube,  which  serves  for  the  inlet  and  outlet  of  cold  water. 


still  {Swtlanal  View.} 
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The  cold  water  enters  at  b,  and  after  circulating  between  the  con- 
densing tubes,  passes  out  at  a.  Thus  arranged,  we  have  seven 
feet  of  condensing  space  in  a  very  compact  form.  C,  is  a  bath 
for  evaporating  small  quantities  of  volatile  liquids  at  a  low  tem- 
perature; this  is  clamped  between  the  still  Ixxly  and  still  head  ; 
the  body  being  filled  with  water,  the  waste  steam  escapes  through 
three  ajiertures  in  the  rim  of  the  water  bath. 

In  the  preparation  of  distilled  and  aromatic  waters  from  plant 
parts,  it  ia  neceMsary  that  these  substances  do  not  come  in  contact 
with  the  heated  sides  and  bottom  of  tlie  still,  hence  the  use  of  a 
wire  cage  (d)  for  this  purpose. 

Fig.  162  illustrates  a  very  useful  Automatic  Water  Still,  the  lower 


AulonUlc  Vtttt  SI 


vessel  being  the  boiler,  the  middle  one  the  condenser,  the  upper 
one  the  supply  tank.  Of  the  four  pipes  shown,  a  is  the  steam 
and  condensed  water  tube,  coiled,  as  shown  in  the  condenser 
tank  full  of  water,  and  delivering  distilled  water  at  a';  b  is  a 
pipe  leading  from  the  water  level  in  the  boiler  to  the  top  of  the 
supply  tank ;  c,  a  pipe,  with  cork,  leading  from  the  bottom  of  the 
supply  tank  to  the  condenser  tank  ;  and  d,  a  pipe  leading  from 
the  top  of  the  condenser  tank  to  the  bottom  of  tne  boiler,  e  is 
an  opening,  with  air-tight  stopper,  for  filling  the  supply  tank ; 
and  F,  a  cock  to  draw  off  hot  water  from  thelwiler.  After  once 
starting  the  distillation  proceeds  automatically.  The  still  can  be 
operated  by  placing  it  on  a  gas  stove  or  on  top  of  a  range  or  stove. 
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For  the  rapid  and  economical  preparation  of  distilled  water,  the 
Carran  Still  (Fig.  163)  is  well  adapted.  Its  principle  and  con- 
struction are  very  simple.  It  consists  of  a  copper  boiler  a,  restiiig 
in  a  galvanized  case  c,  detachable  at  r>  b,  which  is  perforated,  in 
order  to  act  as  a  flue  to  utilize  all  the  heat  from  the  gas  burner, 
on  the  sides  of  the  boiler.  The  vapors  pass  through  the  connect- 
ing pipe  F  into  the  worm  p  p,  where  tney  are  condensed,  being 
discharged  through  s  w.  h  is  a  screw  cover  removable  for  filling 
or  cleaning.  These  stills  are  constructed  so  that  they  may  be 
heated  by  gas,  gasoline  or 
Fro.  164.  coal. 

The  Miisch&rlich  Condenser 
(Fig.  164)  is  of  very  simple 
construction,  and  can  be  at- 
r  tached  to  any  form  of  still. 
■  When  the  inner  vessel  a  is 
twenty  inches  long  and  four 
inches  wide,  we  have  a  total 
condensing  surface,  on  the 
sides  of  B  and  n,  of  five  hun- 
dred square  inches.  The  con- 
denser consists  of  an  inner 
vessel  A, suspended  in  an  outer 
vessel  B,  a  space  of  three- 
fourths  of  an  inch  being 
allowed  between  these  vessels. 
These,  in  turn,  rest  in  another 
vessel  D,  D.  The  vapors  pass 
from  the  still  through  e  into 
the  space  b,  b,  between  a  and 
D,  and  the  condensed  liquid  is 
discharged  at  c.  Cold  water 
enters  through  the  tubes  R 
and  H,  passing  into  the  bottom 
of  the  vessel ;  as  it  becomes 
heated,  it  rises  and  is  dis- 
MiiKberiicb  cond«nHr.  charged  at  Y  and  z. 

Rice's  Pharmaceutical  Still  * 
(Fig.  1U5).  An  improvement  offered  here  consists  of  a  block-tin 
worm  condenser,  enclosed  in  the  cylindrical  copper  casing 
immediately  above  the  still-head.  This  may  be  used  as  a 
reflux -condenser  as  well  as  for  ordinary  distilling  operations; 
it  affords  also  a  great  saving  in  space.  "The  apparatus  consists 
mainly  of  two  parts,  the  still  and  the  head  with  condenser.  The 
still  is  heated  by  steam,  which  enters  at  m,  n  being  the  exhaust- 
pipe.  The  condenser  is  a  cylindrical  copper  vessel,  with  rounded 
bottom  and  closed  top,  having  short  tubes  projecting  from  the 

•DcMrlptiaiiukeDfrom"Keir  Renwdla,"  1S7T,  pige'JU. 
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bottom  and  from  the  top  at  b  and  c.  The  cold  water  enters 
through  the  hose  a;  at  u  the  water  is  discharged  through  the 
^aste  pipe  d.  The  head  of  the  still  carries  three  tubulures,  one 
for  the  insertion  of  the  safety-tube  L,  another  for  filling  the  still, 
and  the  third,  for  the  insertion  of  a  thermometer.    The  condens- 


ing pipe  E,  E  carries  the  vapors  upward  to  the  upper  end  of  the 
block-till  worm,  contained  m  the  condenser,  and  emerging  from 
it  at  F.  Halfway  between  f  and  the  end  proper  of  worm,  the 
pipe  is  tapped  and  a  branch,  carrying  the  faucet  h,  leads  into  the 
still  at  c,  where  it  terminates  under  the  center  of  the  head  in  the 
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form  of  an  c^o,  forming  a  trap  to  prevent  the  escape  of  vapors 
by  this  passage.  The  object  of  this  arrangement  is  to  cause  the 
condensed  liquid  to  flow  back  into  the  still  as  long  as  the  faucet 
H  is  open,  or  to  collect  it  outside  by  turning  off  the  faucet  h. 
Prolonged  digestions  with  alcohol  may  be  made  by  means  of  this 
apparatus,  without  any  loss  of  liquid.  The  head  is  attached  to 
the  still  by  means  ofa  rubber  or  pasteboard  washer  and  iron 
clamps,  and  when  it  is  desired  to  remove  it,  the  water  is  allowed 
to  drain  from  the  condenser,  the  clamps  are  removed,  and  the 
whole  is  hoisted  up  by  the  tackle  K  and  set  to  one  side." 


CHAPTER  VII. 

SUBLIMATION. 

Sublimation  is  distillation  applied  to  volatile  solids.  Certain 
solids,  when  heated,  are  converted  into  vapor,  and  this,  when 
condensed  on  a  cool  surface,  yields  the  suostance  in  its  solid 
(crystalline)  but  purified  form,called  a  "subltTnate."  This  process 
can  be  applied  only  to  such  solids  as  do  not  undergo  decomposi- 
tion on  heating.  Sublimation,  like  distillation,  has  for  its  object 
the  separation  of  the  volatile  from  the  non-volatile  or  less  volatile 
substances.  In  the  first  mentioned  operation,  the  product  (subli' 
Tuate)  is  solid,  while  in  the  second,  the  product  (dialillate)  is  liquid. 


EiperlmenUl  SubHinMlon  of  Sulphur.  Oddo'i  Su 

The  object  of  sublimation  is  therefore  solely  the  purification  of  the 
substance.  As  examples  we  have  iodine,  salicylic  acid,  camphor, 
sulphur,  benzoic  acid,  etc.  We  have  other  examples  where  the 
process  serves  for  the  formation,  as  well  as  separation  of  the  vola- 
tile solid,  as  calomel,  corrosive  sublimate,  ammonium  chloride. 
An  apparatus  for  conducting  the  operation  on  a  small  scale  (Fig. 
167),  consists  of  two  circular  discs  of  asbestos  a  and  b.  The  upper 
disc  has  a  hole  pierced  through  the  middle,  in  which  the  beater  c 
105 
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sits,  containing  the  body  to  be  sublimed.  Two  large  beakers  are  in- 
verted over  this ;  the  inside  one  serves  for  the  collection  of  the  sub- 
limate, while  the  outer  beaker  condenses  any  vapors  that  may 
escape  from  the  inside.  It  is  well  to  lay  two  circular  discs  of  glazed 
paper  (with  corresponding  boles)  under  the  beakers  on  a.    The 


SuUliution  or  BeiiB 


disc  b  serves  for  distributing  the  heat.  With  such  bodies  as  am- 
monium chloride,  corrosive  sublimate,  and  ammonium  carbonate, 
condensation  takes  place  at  a  comparatively  high  temperature 
within  a  small  space;  the  substance  is  then  deposited  in  compact 


SublliDMioD  of  Beuiolc  Aold  (Higer^  Appanlui). 

masses.  When  the  vapors  of  the  body  are  conducted  into  large 
cool  chambers  (Fig.  170),  the  sublimate  is  deposited  in  small  par- 
ticles (minute  crystals),  like  that  of  sulphur. 

Fig.  168  illustrates  a  very  simple  form  of  apparatus  for  sublim- 
ing small  amounts.    The  substance  is  placed  in  a  small  crucible 
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and  slowly  heated,  the  vapors  condense  on  the  surface  of  the 
glass  globe,  which  on  cooline,  can  be  removed  for  the  collection  of 
the  suDlimate.  Should  the  globe  become  heated,  it  can  be  kept  cool 
by  laying  a  cone-shaped  spiral  of  lead  pipe  (cooled  with  water)  on 
the  surface. 

P"ig.  169  illustrates  the  old  method  of  preparing  small  amounte 
of  benzoic  acid  from  benzoin.  Benzoin  in  coarse  powder,  is  mixed 
with  dry  sand  and  placed  in  a  shallow  tin  pan,  a ;  over  the  top,  d, 
a  sheet  of  filter  paper  is  tied,  and  this  is  punctured  full  of  pin 
holes.  A  hood,  c,  is  made  of  glazed  paper,  fitted,  and  tied  over 
the  top  of  the  pan  at  d.  The  apparatus  is  subjected  to  a  low  and 
uniform  heat;  the  vapors  of  the  benzoic  acid  pass  up  through 
the  perforated  porous  cover  and  are  condensed  on  the  cool  sides 
of  the  paper  hood. 

Fio.  171. 


Appualu  f«r  Iha  Pnpuatlon  of  Calonid. 

Fig.  170  represents  the  preparation  of  benzoic  acid  by  sublima- 
tion. In  the  chamber  a,  the  mixture  of  benzoin  and  sand  is 
heated,  the  vapors  of  the  acid,  by  means  of  a  regulated  draft,  c,  e, 
are  caused  to  pass  into, and  condense  in,  the  large  chamber.  The 
current  of  air  follows  the  direction  indicated  by  the  arrows  passing 
through  d,f. 

The  method  of  the  sublimation  of  calomel  is  shown  in  Fig.  171. 
In  the  earthenware  retort,  C,  the  crude  calomel  is  heated,  the 
vapors  pass  over  into  the  stoneware  condenser,  D,  where  they  meet 
a  current  of  steam  from  the  tube  tt,  which  causes  the  calomel  to 
condense  and  to  drop  into  the  water  below.  This  treatment  aids 
in  dissolving  out  any  mercuric  chloride  which  might  accidentally 
have  been  formed. 


CHAPTER  VIII. 

DESICCATION. 

OPERATIONS  REQUIRING  A  LOWER  DEGREE  OF  HEAT. 

Desiccation  consists  in  depriving  solids  (drugs,  chemicals)  of 
moisture  at  a  low  temperature. 

Pharmaceutically,  its  objects  are  the  following : — 

1st.  It  Reduces  Bulk  —  Vegetable  drugs  contain  a  variable 
amount  of  moisture,*  and,  in  consequence  thereof,  are  more  or 
less  bulky.  If  we  can  remove  this  moisture  without  injury  to  the 
constituents,  we  will  gain  a  great  advantage  by  concentrating 
their  strength  and  reducing  their  bulk. 

2d.  It  Facilitates  Cbmmintdion. — As  long  as  a  drug  or  chemical 
contains  moisture,  it  resists  pulverization,  oecause  of  the  tenacitv 
and  sponginess  of  the  drug,  or  the  dampness  of  the  powder,  whicn 
causes  it  to  cake.  As  soon  as  the  moisture  is  removed,  the  drug 
becomes  brittle  and  readily  disintegrates. 

3d.  It  Assists  Preservation. — As  long  as  vegetable  drugs  contain 
moisture,  they  are  liable  to  become  mouldy  or  to  ferment,  result- 
ing in  injury  to  their  constituents  and  rendering  them  unfit  for 
use.  Many  chemical  salts  have  the  property  of  rapidly  absorb- 
ing moisture  from  the  air  (see  Deliquescence),  while  others  lose 
crystal  water  and  fall  to  a  dry  powder  on  standing  in  the  air  (see 
Efflorescence).  In  either  of  these  cases,  a  deciaed  increase  or 
decrease  of  weight  of  the  salt  takes  place,  with  a  corresponding 
increase  or  decrease  of  strength  ;  hence,  for  the  sake  of  accuracy, 
as  well  as  convenience,  we  often  resort  to  desiccation  and  pulveri- 
zation of  these  substances. 

As  time  is  always  a  consideration,  drugs  are  rarely  subjected  to 
the  old  process  of  spreading  out  the  leaves,  roots,  or  bark,  and 
then  exposing  them  to  the  sun,  or  in  a  dry  loft. 

Drugs  are  dried  by  placing  them,  in  a  coarsely  comminuted 
condition,  on  wooden  travs  with  a  perforat-ed  or  wire  netting 
bottom.    Chemicals  are  placed  on  trays  with  a  muslin  bottom. 


*  100  parts  of  ftrwbly  gBthered, 

yield  in  dry  drug  about  yield  in  dry  dnig  abmt 

Belladonnce  Folia, 18  parU.  Calamus, 25  partJi. 

Arnica  Flores, 20     "  Althaja 25     " 

DiiriUlis, 20     "  GlTcyrrhlza, 33     " 

Mentha  Piperita, 20     "  Colchici  Radix. 34     " 

Taraxacum 22     "  Belladonnce  Radix, 38     " 

Scilla 25     "  Stramonii  Folia 45     •' 

Valeriana 26     "  •   Meaereum 50     " 

(Tschlrch.) 
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Fig.  172. 
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these  being  then  placed  on  a  framework,  in  chambers  which  are 
heated  to  the  necessary  temperature,  which  varies  according  to  the 
nature  of  the  substance.  The  arrangement  of  such  chambers  is 
very  much  the  same  as  in  the  drying  closet,  the  principle  of  which 
is  shown  in  Fig.  172.  Each  shelf 
or  partition  is  so  placed,  that  the 
draught  of  dry  or  heated  air 
passes  over  and  around  it,  escap- 
ing above,  loaded  with  moisture. 
In  some  cases,  the  air  is  first  passed 
over  burnt  lime  to  remove  all 
moisture,  before  passing  into  the 
drying  chamber.  Drying  closets 
may  be  so  arranged,  as  to  utilize 
the  waste  heat  from  a  stove-pipe, 
or  by  passing  a  steam-pipe  through 
it.  The  vessels  containing  the 
burnt  lime,  should  be  placed  in 
the  bottom  and  on  the  difiFereiit 
shelves.  Thus  arranged,  the  dry- 
ing closet  may  also  be  utilized  for 
storing  hygroscopic  drugs  and  " 
chemicals. 

Loss  in  Drying  Drugs.* — The  drying  of  drugs  requires  the 
greatest  care  and  consideration,  since  many  of  them  contain 
volatile  and  active  principles,  which  are  easily  injured  by  the 
slightest  degree  of  overheating,  for  example,  coiiium  leaf  and  fruit, 
aconite,  etc.  Aromatic  drugs  like  cloves,  nutmeg,  cinnamon,  car- 
damon,  etc.,  are  apt  to  suffer  a  loss  of  their  volatile  aromatic 
constituents  to  a  greater  or  less  degree;  hence  when  several  of 
these  enter  into  a  pharmaceutical  preparation,  it  is  best  to  grind 
the  crude  aromatics  together  to  a  powder,  and  not  mix  the  several 
dried  powders.  Again,  such  drugs  as  asafoetida,  myrrh,  ammo- 
niac, suffer  loss  of  volatile  oil  in  the  process  of  drying  and  reduc- 
tion to  powder;  hence,  when  powdered,  they  are  unfit  for 
dispensing  or  for  the  preparation  of  the  "Mixtures."  In  pre- 
paring Emulsum  Asafoetidee,  or  Ammoniaci,  or  Mistura  Ferri 
Composita,  only  selected  tears  of  the  several  gum-resins  should 
be  employed. 


^ 


Drying  Clue>et  (Sectional  View>. 


*The  following  drags  lose,  on  an  average,  by  drying  and  powdering:— 

Acada, 0.8   percent.      Ergota, 3.62  per  cent. 

■      ~  •'  Gentiana 10.23        " 


Aloe  Soootrina 11.2 

Acidtim  Tartaricum, 1.06 

Buchu,     2.00 

Cantharis, 2.a5 

Cardamomum, 6.02 

Cassia 2.61 

Cinchona  Flava, 2.57 

Rubra, 1.58 

Cabeba 2.40 
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Ipecacuanha, 1.91 

Myrrha,     6.80 

Opium 19.61 

Podophyllum, 0.75 

Rheum, 1.74 

Tragacantha, 6.93 

Zingiber  (alb.) 9.70 

(Squibb.) 
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Every  apothecary  should  employ  the  greatest  care  in  the  selec- 
tion of  his  powdered  drugs,  for  the  market  is  well  provided  with 
inert  and  adulterated  material. 

Storage  aiid  Prmervaiion. — Considerable  care  must  be  observed 
in  the  storage  of  powdered  vegetable  drugs.  They  should  be 
kept  in  a  place  not  subject  to  marked  changes  of  temperature, 
and  should  not  be  stored  in  hermetically  sealed  vessels  and 
deprived  of  free  access  of  air,  but  should  be  placed  in  tin  canisters, 
the  tops  of  which  are  slightly  perforated,  so  as  to  admit  the  access 
of  air,  and  yet  to  keep  out  dust  and  insects.  Wooden  boxes  or 
drawers  are  not  suitable,  for  they  allow  the  accession  of  mites  and 
dust,  the  drug  rapidly  losing  what  odor  or  aroma  it  may  possess. 
For  storing  crude  drugs  or  roots,  barks  and  leaves,  drawers  may 
be  constructed  which  are  lined  with  tin,  the  lids  being  so  placed 
that  they  can  only  be  opened  when  the  drawer  is  open;  these 
drawers  answer  well  for  storing  such  powders  as  Gentian  or 
Columbo. 

When  exposed  to  the  air,  powdered  drugs  absorb  moisture  (1  to 
20  per  cent.},  the  amount  depending  on  the  hygroscopicity  of  the 
particular  powder;  those  containing  fixed  or  volatile  oils  being 
the  least  hygroscopic,  while  the  largest  amount  of  moisture  is 
absorbed  by  mucilaginous  drugs. 

In  the  course  of  Pharmaceutical  Assaying,  it  is  frequently  neces- 
sary to  dry  small  quantities  of  substances, 
Pio.  173.  jjj  which   ease  we  employ  the  "Drying 

Oven"  {Fig.  173),  which  is  usually  made  of 
copper  and  placed  on  a  stand.  A  Bunsen 
lamp  is  placed  below  and, by  regulating  the 
flame,  the  temperature  in  the  oven  may  be 
regulated;  an  opening  above  is  for  the 
insertion  of  a  thermometer.  These  ovens 
are  also  constructed  with  double  walls  to 
admit  filling  with  water,  when  the  desired 
temperature  should  not  rise  above  100°  C. 
For  very  high  temperatures,  iron  ovens 
are  employed.  After  the  operation  of  dry- 
ing or  Ignition,  it  is  necessary  to  allow  the 
substance  to  cool  in  the  "  D&n'ccator,"  to 
prevent  absorption  of  moisture,  before 
'  weighing.  If  tnesubstancehasbeen dried 
^       ,    ,     „  on  a  watch-class,  then  another  well-fitting 

Copper  Drying  0»en.  .11         f'-        -'  ,     ,  .,  j    ,1  " 

watch-glass  is  inverted  over  it,  and  the 
two  are  held  firmly  togetherliy  means  of  a  spring  (Fig.  17(i), 
which  prevents  any  possible  loss  of  powder  by  spilling,  and  also 

Erevcnts  absorption  of  moisture  during  the  weighing.  Hot  cruci- 
les  are  placed  on  pipe-stem  wire  triangles  in  the  desiccator. 
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^^aIly   bodies,   owing  to  their  low   melting  point,  cannot  be 
dried  by  heat,  hence  we  place  them  in  the  desiccator  over 


Copper  Drying  Ot«ii  {Double  Wmll). 
FlO.176. 


Wilcb-gliMffl  for  Weighing  Powden, 


Iron  Drrlng  Otsd. 

Fio.  177. 
sulphuric  acid,  or  calcium  chlo- 
ride, etc.,  where  they  give  up  their 
moisture  readily. 

Dmccaiora  are  of  various  forms. 
Fig.  177  illustrates  one  consist- 
ing of  a  bell-glass  (b),  with  a 
ground  rim  fitting  closely  to 
the  ground  glass  base.  The 
ve98er(e)  contains  the  moisture- 
absorbing  material;  above  this 
is  a  porcelain  table  (d),  upon 
which  the  substance  to  be  dried 

is  placed.     Fig.  178  illustrates  Beii-giua  Doimtar. 

a  form  of  desiccator,  designed 

by-  Hempel,  the  principle  of  which  consists  in  placing  the  absorb- 
ing mat«rial  (HjSO^)  in  the  rim  of  the  cover  (a-y),  above  the 
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substance  which  is  placed  in  the  lower  vessel  A.    The  cover  is 
provided  with  a  tube  and  stopcock,  which  fits  into  the  neck  at  B, 


Haiip«ra  DalcdUir. 


for  connecting  with  a  suction-pump  if    necessary  to  dry  "in 
vacuo."    Fig.  179  illustrates  another  form, 
Pio.  179.  provided  with  a  stopcock  a,  which  may 

be  placed  in  connection  with  a  vacuum- 
pump  and  the  air  exhausted.  The  ground 
edges  of  the  fittings  should  be  greased 
with  a  little  fat  or  petrolatum. 

As  material  for  the  absorption  of  mois- 
ture (water),  for  use  in  desiccators,  we 
employ  usually  either  sulphuric  acid 
or  granulated  calcium  chloride;  besides 
these  we  may  also  employ  either  calcium 
oxide  (burnt  lime),  fused  caustic  potash 

I  or    soda,    or    phosphoric   oxide  (anhy- 

drous phosphoric  acid). 

Drying  lAquida. — For  removing  small 
amounts  of  water  from  such  liquids  as 
alcohol,  ether,  ethyl  nitrite,  chloroform, 
vicoain  Dmiooitar  Volatile  oils,  WO  employ  fused  calcium 

chloride,  sharply-dried  potassium  carbon- 
ate, or  anhydrous  copper  sulphate.  Care  should  be  taken  not  to 
employ  any  substance  which  may  react  chemically  on  the  liquid 
to  be  dried,  for  instance,  calcium  chloride  cannot  be  employed  in 
drying  wood  alcohol,  benzyl  alcohol  or  many  esters,  because  it 
unites  with  them,  forming  crystalline  compounds.  Absolute 
alcohol  is  prepared  from  ordinary  alcohol,  by  percolating  it 


DESICCATION.  H3 

through  burnt  Hme,  which  effectually  removes  all  bnt  traces  of 


«  Wuta  Bottka. 


Drying  Gases. — For  drying  (washing)  gases,  we  employ  the 
various  forms  of  "  wash  bottles "  (Fig.  180),  in  which  the  gas 


DrrlnKTulKlCblurldeorCdcluiu).        Dcrlng  J*r   (ChloHdv  of  C>l- 


passes  through  a  layer  of  sulphuric  acid ;  the  tube  through 
which  the  gas  enters  the  flask,  should  dip  from  one-half  to 
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three-quarters  of  an  inch  below  the  surface  of  the  acid.  For 
"  washing  gases,"  water  or  other  fluids  are  employed.  Figs.  181, 
182  illustrate  another  form,  in  which  the  gas  is  (tried  by  passing 
through  either  a  U  tube,  or  upwards  through  a  tower,  filled  with 
granulated  calcium  chloride.  A  wad  of  absorbent  cotton  or  spun 
elass  wool  is  placed  in  the  neck  (Fig.  182),  upon  which  the  granu- 
lated calcium  chloride  rests,  and  another  layer  is  placed  on  top 
just  beneath  the  cork. 


CHAPTEE  IX. 

COMMINUTION. 

The  collection,  drying,  comminution  and  subsequent  pulveri- 
zation of  drugs  is  at  present  seldom,  if  ever,  performed  by  the 
retail  apothecary.  Tnis  branch  has  fallen  entirely  into  the 
bands  of   the  drug-miller.      Crude  vegetable    drugs    are  first 


reduced  to  coarse  particles  by  slicing  or  chopping,  in  order  t« 

facilitate  their  drying  and  subsequent  pulverization.     This  is 

called  "Comminution."     The  slicing  is  done  by  means  of  chop- 

115 
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fing  knives  or  rolling  circular  blades  operated  by  machinery, 
n  this  condition,  the  drug  is  dried  and  then  subjected  to  the 
operation  of  bruising,  called  "Contusion,"  which  in  other  words, 
is  pulverization  by  simple  impact.  Fig.  183  shows  the  opera- 
tion of  contusion  in  the  row  to  the  right;  in  the  row  on  the  left 
trituration  is  carried  on. 

In  these  two  processes  the  piece  that  raises  the  pestles  is  a  cam  whose  axis  is 
fixed  upon  the  main  shaft,  which  is  actuated  by  a  steam  engine.  In  order  to  pre- 
vent lateral  action  in  the  contusion  battery,  the  cams  revolve  in  a  rectilinear  open- 
ing in  the  rod  of  the  pestle,  which  is  seen  to  the  right  of  the  engraving.  The 
cam,  which  is  a  spiral,  having  the  driving  shaft  as  a  starting  point,  is  cut  off  short 
at  180°.  On  reaching  this  point,  the. wiper  escapes  and  leaves  the  pestle  to  the 
action  of  gravity. 

In  the  trituration  battery,  figured  on  the  left  of  the  engraving,  the  pestles  must 
in  falling  turn  upon  themselves.  To  this  effect  the  cam  rubs  against  a  wiper  in  the 
form  of  a  horizontal  circular  plate  that  communicates,  by  reason  of  the  friction,  a 
gyrating  motion  to  the  pestle.  The  different  positions  occupied  by  the  cam  during 
its  revolution  are  shown  in  the  illustration. 

In  order  to  prevent  particles  from  being  ejected  from  the  impact,  as  well  as  the 
difi*usion  of  the  dust,  each  mortar  is  covered  with  a  leather  jacket. 

As  soon  as  the  drug  has  been  thoroughly  bruised  it  is  ready  for 
grinding. 

.  GRINDING  is  the  reduction  to  coarse  particles  in  properly 
constructed  mills. 

The  drug-miller  employs  a  variety  of  mills,  for  the  purpose  of 
grinding.  Among  these  are  the  Chaser,  Buhr-Stone,  and  Roller 
Mills,  Disintegrators  and  other  patent  mills,  each  of  which  is 
adapted  to  special  purposes. 

A  Hand  Drug-Mill  that  answers  the  purposes  of  the  pharmacist, 
must  be  so  constructed,  that  it  may  be  adjusted  for  all  kinds  of 
general  work. 

According  to  the  arrangement  of  the  grinding  surfaces  hand- 
mills  may  be  divided  into  two  classes. 

1.  Those  in  which  the  grinding  plates  are  arranged  vertically. 

2.  Those  in  which  the  grinding  plates  are  arrangea  horizontally. 
In  all  of  them,  the  grinding  plates  consist  of  teeth  arranged  in 

concentric  rows,  one  plate  fitting  into  the  other;  the  distance  be- 
tween the  grinding  surfaces  being  regulated  by  means  of  a  thumb- 
screw, thereby  regulating  the  degrees  of  fineness  of  the  powder. 

1.  Hand  Drug-Mills  with  Vertical  Grinding  Plates. — Among  these 
are  the  Swift,  Troemner,  and  Enterprise  mills.  The  latter  (Fig. 
184),  because  of  the  simplicity  of  its  construction,  and  the  ease 
with  which  it  is  handled  and  cleansed,  has  become  very  popular. 
In  this  mill,  the  grinding  plates  are  supported  on  a  horizontal 
shaft,  which  is  turned  by  two  heavy  fly  wheels.  The  shaft  rests 
between  two  hemispheres,  enabling  the  operator,  after  opening  the 
mill,  to  remove  all  the  working  parts.  The  various  parts  can  be 
readily  removed  and  replaced  in  case  of  fracture.  The  left-hand 
grinding  plate,  being  geared  to  the  shaft,  revolves,  while  the  right- 
hand  one  is  stationary.    The  fineness  of  the  powder  may  be  easily 
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regulated  by  means  of  a  tliumb-screw,  which  regulates  the  distance 
Fio.  184. 


EaMrprlM  Unig-Mlll. 


between  the  plates.    Various  sizes  are  made,  down  to  the  small 
dispensing  count«r-mill. 

2.  Hand  Drug-Mills  with  Horizontal 
Grinding  Plates. — An  older  form  is 
tlie  Thomas  mill;  laterimprovements 
are  found  in  Swift's  B  mill,  in  which 
the  grinding  plates  are  arranged 
horizontally,  the  upper  one  being 
stationary,  while  the  lower  one  re- 
volves. It  can  be  easily  opened  and 
cleaned,  the  main  objection  being  its 
open  receptacle  for  the  powder. 

An  embodiment  of  this  same  idea, 
but  vastly  improved,  is  the  Hance 
conical-plate  mill,  in  which  the  hori- 
zontal grinding  surfaces  are  given  a 
conical  shape.  The  main  feature  of 
this  mil!  is  that  the  powder  yielded 
is  always  uniformly  fine  and  free  from 
coarse  particles,  while  the  vertical- 
plate  mills  often  allow  these  to  drop 

through.    The  conical  shape  of  the       jj^  „„^^,n  ,(^  ^,^^^ 
grindmg  plates,  allows  a  ready  dis- 
chai^e  of  the  powder,  thereby  avoiding  clogging  up  of  the  mill, 
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which  13  very  often  the  case  in  those  having  horizontal  plates. 
This  mill  is  adapted  for  all  kinds  of  heavy  and  light  work  and 
cau  be  readily  taken  apart  for  cleaning.  The  lower  plate  is  of 
conical  shape,  capped  with  a  beaker,  and  fits  upon  the  upper  end 
of  the  upright  shaft,  and  revolves  with  it,  engaging  with  the  teeth 
in  the  upper  griiiding-plate  and  hopper.  Power  is  transmitted 
by  means  of  two  shafts  at  right  angles,  geared  with  bevel  cog- 
wheels. The  fineness  of  the  powder  is  regulated  by  a  thumb- 
screw at  the  base,  which  elevates  the  revolving  plate. 

The  Following  Precautions  Mustek  Obskhved  i\  Hand- 
Lirra  Drug-Mills. — The  mill,  if  not  sufficiently  heavy,  should  be 
securely  bolted  to  a  firm  foundation  ;  otherwise  much  of  ihe  power 
exerted  at  the  wheel  will  be  lost. 

The  bearings  should  be  kept  clean  and  lubricated. 


The  drug  should  be  as  dry  as  possible,  otherwise  tiie  moist  par- 
ticles will  stick  to  the  plates  and  cause  clogging. 

In  grinding  coarse,  bulky  or  fibrous  drugs,  they  should  first  be 
reduced  to  coarse  particles  by  bruising,  then  run  through  the  mill 
several  times,  first  with  a  very  coarse  adjustment,  then  after  sifting 
off  the  fine  particles,  returned  to  the  mill,  after  the  plates  have 
been  readjusted.  The  procedure  is  continued  until  the  whole  is 
ground  to  the  proper  degree  of  fineness. 

The  drug  should  not  be  fed  into  the  hopper  faster  than  it  can 
be  ground,  otherwise  clogging  will  ensue.  Dry,  brittle  drugs,  may 
be  fed  more  rapidly  than  moist,  oily  ones.  Very  oily  drugs  are 
best  ground  coarse  at  first,  the  fine  powder  sifted  off,  and  the  tail- 
ings reground,  etc. 

After  each  operation,  the  mill  should  be  thoroughly  cleansed, 
all  particles  adhering  to  the  plates  being  removed.    Should  these 
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have  become  clogged  with  hard  lumpa,  the  latter  should  be 
removed  with  boiling  water,  and  the  plates  well  dried.  In  most 
cases  the  running  through  of  sawdust  will  be  sufficient 


PULVERIZATION 
Is  the  reduction  of  substances  into  particles  of  greater  or  less 
tenuity.  We  perform  this  by  the  operations  of  contusion  and 
grinding  in  the  case  of  vegetable  drugs ;  in  others,  such  as  resinous 
drugs,  gums,  chemicals,  etc.,  by  the  process  of  pulverization,  AH 
bodies  cannot  be  pulverized  by  one  and  the  same  process;  .this 
must  be  altered  to  suit  the  physical  and  chemical  nature  of  the 
body  to  be  pulverized.     Certain  precautions  must  be  observed  by 


the  workmen  in  carrying  on  some  of  these  operations,  to  prevent 
injury  or  painful  affections.  For  instance,  the  dust  arising  from 
the  powdering  of  belladonna  is  apt  to  injure  the  eyesight;  that 
from  cantharides  acts  as  a  vesicant ;  certain  salts  of  mercury  and 
all  salts  of  arsenic  are  very  poisonous,  etc,  Fig.  187  illustrates 
some  of  the  precautionary  measures  adopted  in  such  cases. 

Some  bodies  cannot  M  pulverized  alone,  that  is,  they  require 
the  addition  of  a  foreign  body  which  facilitates  disintegration ; 
this  method  of  powdering  is  called  "pulverization  by-mediation." 
We  employ  intermediates  in  powdering  camphor,  for,  owing  to  its 
elastic  nature,  we  cannot  powder  it  alone ;  nence  we  moisten  it 
with  alcohol  or  ether,  whereby  it  disintegrates  immediately.  Rice 
is  softened  in  water  before  being  ground.    Vanilla  requires  the 
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intervention  of  sugar  or  milk  sugar  crystals,  CentrifQgal  force  is 
used  for  the  reduction  of  zinc  to  fine  powder,  the  molten  metal 
being  poured  on  a  horizontal  revolving  plate  ofiron,  which  turns 
at  the  rate  of  2000  revolutions  a  minut«.  By  this  means,  the 
zinc  is  projected  against  the  sides  of  the  box  in  which  the  disc  is 
enclosed.  For  the  fine  subdivision  of  phosphorus,  it  is  melted 
under  water,  and  the  latter  then  agitated  until  cool.  Gold-, 
silver-,  and  bronze-leaf  are  powdered  in  the  presence  of  honey  or 
sulphate  of  potassium,  which  is  afterward  removed  by  washing. 
Nux  vomica  or  ignatia,  owing  to  their  tough  and  homy  structure, 
are  first  steamed,  which  causes  them  to  swell  and  soften,  after 
which  they  are  rapidly  dried,  and  then  easily  reduced  to  powder. 
For  powdering  resms  and  gums,  some  manufacturers  employ 
casks  or  iron  cj'Iinders  which  revolve  upon  an  axis,  and  in  the 
interior  of  which  iron  balls  roll  about,  crushing  the  substance. 


Is  the  process  of  separating  powders  of  different  degrees  of  fine- 
ness by  passing  them  through  some  perforated  medium.  For 
this  purpose  sieves  are  emi)Toyed.  These  consist  of  a  frame, 
usuaUy  circular,  over  which  is  stretched  wire-  (or  iron-  or  brass-) 
gauze,  or  better  hair-cloth  or  silk, 
^^'  '^'  held  firmly  in  place  by  an  outer 

rim.    Drum  sieves  are  cylindri- 
.  cal  and  covered  at  both  ends. 
After  sifting,  a  powder  should 
always  be  thoroughly  mixed,  in 
'  order  to  insure  uniform  composi- 
tion of  the  product.     When  we 
operate  upon  larger  quantities  of 
powder,  we  have  special  appar- 
.  atus  designed  for  this   purpose. 
:.  Among  the  various  sifters,  Hun- 
'  ter's  (Fig.  188)  is  one  of  the  most 
1  effective.    The  powdered  drug  or 
mixed  powders  are  thrown  into 
„   ,  .  „..       .„,  the  hopper  above,  then  by  means 

of  brushes,  which  revolve  agamst 
the  curved  brass  sieve,  the  lumps  are  thoroughly  disintegrated, 
and  the  powder  is  brushed  through  into  the  receptacle  oelow, 
where  it  is  further  mixed  by  revolving  spiral  mixers.  For  pre- 
jiaring  impalpable  powders,  bolting  clotn  is  employed.  Com- 
mercially, powders  are  known  by  numbers.  The  U.  S.  Phar- 
macopoeia directs  the  employment  of  various  degrees  of  fineness, 
designating  the  degree  by  a  number,  which  corresponds  to  the 
number  of  meshes  to  the  linear  inch  ;  the  powders  being  num- 
bered from  20  to  80  inclusive. 
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The  British  Pharmacopoeia  directs  the  numbers  from  20  to  80 
inclusive,  designating  them  by  the  number  of  meshes  to  the  linear 
inch,  as  in  the  U,  S.  P.,  omitting,  however,  the  metric  equivalents. 
The  German  and  Austrian  Pharmacopoeias  designate  by  the  num- 
ber of  meshes  to  the  square  centimeter. 


Tables  of  Deobeeb  of  Fineness  of  Powdebs,  U.  S.  P.  asd  B.  P. 

60  Moderately  fine 50 

30 

Degrees  of  Fineness  of  Ph.Geb.  and  Ph.Ais. 

(brrfjpmrf 

30  Very  &De 30 

80 

16  Moderately  couse 15 

aboDt  40 

TRITURATION 
Is  the  reduction  of  substances  to  a  minute  state  of  subdivision  by 
means  of  the  mortar  and  pestle.    The  pestle  should  be  grasped 
firmly,  and,  with  a  slight  downward  pressure,  worked  around  the 


Uotlon  d»crlhed  (it  Pnlle. 

bottom  and  sides  of  the  mortar  with  a  circular  motion,  gradually 
extending  from  the  center  outwards,  as  shown  in  Fig.  190.  Then 
the  motion  should  be  reversed  toward  the  center,  in  the  same 
manner,  and  this  procedure  should  be  continued  until  the  sub- 
stance is  reduced  to  the  desired  degree  of  fineness. 

Mortars  and  Pestlea. — For  the  pulverization  of  hard  or  tough 


122  HANDBOOK  OF  PHABMACT. 

drugs,  where  considerable  force  is  necessary,  the  iron  or  bronze 
mortar  is  employed  (Fig,  191).  The  interior  should  be  bell-shaped 
and  not  conical,  otherwise  the  drug  will  become  packed  in  the 
bottom,  hindering  proper  disintegration.  After  use,  they  are  best 
cleaned  by  trituratingin  them  someclean  sand.  When  they  have 
been  used  for  powdering  chemicals,  such  as  iron  or  sodium  sulphat«, 
they  should  be  well  washed  and  dried. 

Wedgwood-ware  answers  admirably  for  general  use,  because  of 
its  strength,  though,  owing  to  its  somewhat  porous  nature,  it  is 
often  difficult  to  cleanse.  Again,  the  handle  of  the  pestle  being  of 
wood,  it  is  usually  set  into  the  base  by  means  of  a  resin  cement; 
it,  therefore,  readily  loosens  and  drops  some  of  the  cement  off, 
contaminating  the  substance  that  may  be  triturated.  The  handles 
should  be  reset  before  using,  by  heating  until  the  cement  softens, 
then  filling  the  pestle  hole  with  a  fused  mixture  of  3  parts  of 


shellac,  1  of  yellow  wax  and  1  of  turpentine,  pressing  in  firmly, 
holding  until  the  wax  has  hardened.  Handles  are  now  made  of 
hard  rubber  which  screw  firmly  into  the  pestle. 

Porcelain  mortars  and  pestles  are  preferred  for  general  use  in 
the  preparation  of  solutions,  emulsions,  light  triturating  etc.  They 
are  much  more  easily  cleansed  than  the  Wedgwood  ware,  since 
their  inner  surEace  is  not  porous  like  that  of  the  latter.  Porcelain 
mortars  will  not  stand  hard  blows  nor  rapid  heating,  because 
of  their  liability  to  fracture.  Glass  mortars  (Fig.  195)  should 
likewise  be  carefully  handled,  and  should  not  be  employed  for 
tritjirating  hard  substances.  They  are  best  adapted  for  pulver- 
izing corrosive  substances,  chemicals,  alkaloids,  and  for  preparing 
solutions  of  the  same.  Their  surface  is  smooth,  and  no  loss  of 
substance  is  liable  to  occur,  as  would  be  the  case  when  using  a 
Wedgwood  mortar,  whose  surface  is  porous  or  uneven. 
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Agate  mortars  (Fig.  196)  are  only  employed  in  pulverizing  very 
hard  substances,  such  as  minerals  or  ores. 

In  selecting  mortars  and  pestles,  the  apothecary  should  use  con- 
siderable discretion:  Forgeneral  purposes  of  trituration  a  shallow 
mortar  (Fig.  193)  should  be  selected.  For  the  preparation  of 
emulsions  and  solutions,  a  comparatively  deep  mortar  (Fig.  194) 
should  be  used.    The  pestle  should  fit  the  mortar  accurately ;  a 


Wedgwood  Morur.  Pom-liln  Mortir  (Shullow). 


round-surfaced  pestle  should  be  used  for  the  deep,  and  a  flat-sur- 
faced one  for  the  shallow  mortar. 

Every  apothecary  should  have  a  full  set  of  mortars  and  pestles, 
of  various  sizes  and  shapes,  adapted  for  all  sorts  of  operations.  It 
should  be  made  a  rigid  rule  to  clean  these  immediately  after  use. 
When  the  powdered  substance  has  been  of  a  resinous  nature,  its 


• 


PoriKhln  Konv  |Deep|.  Glua  Morlir.  Agite  Mortir. 

traces  are  best  removed  by  means  of  a  little  alcohol  or  benzin,  and 
if  it  has  been  of  an  oily  nature,  the  remaining  particles  may  be 
removed  with  sawdust,  and  the  mortar  then  washed  out  with  soap 
and  water.  If  the  substance  possessed  a  powerful  odor,  like  that 
of  iodoform,  or  the  mixture  has  badly  stained  the  mortar,  triturate 
a  little  bichromate  of  potassium  with  sulphuric  acid  about  the 
sides,  rinsing  out  well  with  water. 
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A  Spatula  consists  of  a  long,  flexible  blade  of  polished  steel, 
somewhat  heavier  at  the  base,  where  it  is  usually  covered  on  both 
sides  with  hard  wood,  serving  as  a  handle.   Spatulas  are  also  made 


Fig.  197. 


Ointment  Spatula. 


Fig.  198. 


Fig.  200. 


Pill  Spatala. 


Fig.   199. 


Horn  Spatulas. 


m 


1-2  . 
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entirely  of  metal  (nickel  plated).  The  so-called  Lawrence 
spatula  is  the  best  among  these;  the  handle  not  being 
polished  affords  a  good  grip.  The  only  objection  to  these, 
IS  that  after  being  some  time  in  use  the  plating  is  liable 
to  wear  off  from  the  tip,  exposing  the  surface  of  the  steel 
beneath. 

Spatulas  are  employed  in  the  process  of  trituration,  for 
the  removal  of  the  particles  of  powder  adhering  to  the 
sides  of  the  mortar  and  pestle,  also  in  all  the  various 
phases  of  dispensing  pharmacy,  such  as  the  division  of 
powders,  preparation  of  ointments,  etc.  Steel  spatulas 
are  adapted  for  general  use  except  for  such  purposes 
where  the  substance  is  affected  by  contact  with  iron,  as 
in  the  preparation  of  ointments  containing  iodine,  sali- 
cylic and  tannic  acids,  mercuric  chloride,  and  corrosive 
substances.  In  such  cases  we  employ  the  horn  or  hard 
rubber  spatula,  the  latter  being  of  flexible  steel  covered 
with  hard  rubber.  Horn  and  rubber  spatulas  should 
not  be  used  for  stirring  hot  liquids. 

Too  much  care  cannot  be  paid  to  the  cleansing  and  care  of 
spatulas ;  they  should  always  be  bright  and  free  from  traces  of 


Powder 
Spatula. 
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rust,  as  its  presence  may  render  many  a  preparation  unsiglitly 
and  unfit  for  use. 

Trituration  may   also  be  '  Fio-  201. 

effected,  by  means  of  the 
slab  and  mullerwith  the  in- 
tervention of  a  liquid,  the 
operation  being  called 
"  Levigatlon."  The  s  u  b- 
stance,  in  coarse  powder,  is 
placed  on  a  slab  of  glass, 
marble,  or  porphyry,  having 
a  ground  surface,  and  moist- 
ened with  water  or  alcohol 
to  form  a  thick  paste;  it  is 
then  triturated  by  means  of 
the  muller,  using  slight  pres- 
sure, and  moving  the  mul- 
ler in  curves  such  as  shown 
in  Fig.  201,  a,  b.  A  shallow 
porcelain  mortar  {Fig.  202) 
IS  often  substituted  for  the 
slab,  and  a  tlat-surEaced  pes- 
tle for  the  muller.  In  Euro- 
pean pharmacy  this  latter  potptrtj  sub  wd  Muiier. 
operation   is  designated  as 

Levigation,  and  the  former  as  Porphyrization,    These  processes 
have  for  their  object  the  reduction  of  such  substances  as  zinc 


oxide,  or  mercuric  oxide,  to  a  very  fine  state  of  subdivision, 
which  is  not  attainable  by  the  simple  process  of  dry  trituration. 
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BLUTEIATION 
Is  the  process  of  separating  the  finer  particles  of  an  insoluble 
powder  from  the  coarser,  by  means  of  suspension  in  water.  The 
pasty  mass  resulting  from  the  process  of  levigation,  is  washed  off 
mto  a  beaker  or  other  suitable  vessel,  and  stirred  with  water;  the 
mixture  is  then  allowed  to  stand  a  minute  or  so,  after  which  the 
supernatant  turbid  fluid  is  poured  off  into  another  beaker.  The 
sediment  which  contains  the  coarser  particles,  is  then  again  sub- 
jected to  the  process  of  levigation,  and  the  same  operation  is  re- 
peated until  trie  whole  qaantity  is  elutriated.  The  turbid  fluid, 
which  has  been  decanted,  is  allowed  to  stand  at  rest  until  the 
minute  particles  of  the  substance  held  in  suspension  have  sub- 


sided ;  this  deposit  is  then  collected  and  dried.  Instead  of  pour- 
ing off  (decanting)  the  turbid  fluid  as  described  above,  we  may 
employ  a  more  expeditious  method,  illustrated  in  Fig.  203,  in 
which,  by  means  of  a  long  funnel  tube,  water  is  forced  in  at  the 
bottom  of  the  cylinder,  which,  forcing  its  way  upward  through 
the  powder,  carries  the  particles  of  powder  along  with  it,  the  finer 
particles  being  carried  to  the  top,  while  the  coarser  remain  near 
the  bottom,  from  their  own  gravity.  By  opening  different  outlets 
on  the  sides  powders  of  various  degrees  of  fineness  may  be  ob- 
tained. Thfe  process  of  elutriation  is  employed  in  separating  the 
impurities  from  chalk  and  in  the  sorting  of  emery  into  different 
grades  of  fineness. 
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TROCHISCATION 
Conaists    in    forming  conical    masses  of    levigated  substances. 
Insoluble    powders,    such    as    chalk, 
bismuth  salts,  or  bole,  while  still  in  a  Fio.  9M. 

pasty  condition,  are  placed  into  a  tin  * 

cone  (d.  Fig.  204).  This  is  then 
grasped  by  the  handle  (c),  and  the  leg 
of  the  frame  is  tapped  gently  upon  a 

slab  of  chalk-stone,  or  other  absorbing  I 

surface,  each  tap  causing  a  conical 
drop  to  fall  out.  The  porous  block 
absorbs    the    moisture    quickly,   after 

which  the  cones  may  be  dried  by  heat,      mmm ror  Ledgated  ciwik.  Etc. 
if  r 


CHAPTEE  X. 

SOLUTION. 

Solution  is  a  "  molecular  "  subdivision  of  a  body  (solid,  liquid  or 
gas),  in  a  lig^uid  {solvent),  the  result  being  a  clear  homogeneous  fluid. 

If,  on  bringing  a  solid  in  contact  with  a  liquid,  the  whole  or  a 
portion  of  the  solid  disappears,  and  a  clear  liquid  results  or  can 
be  separated  from  the  mixture,  then  we  say  that  the  solid  is  wholly 
or  partially  soluble  in  the  liquid. 

Formerly,  the  solution  of  a  solid  in  a  liquid,  such  as  that  of  salt 
in  water,  was  designated  as  "simple  "or  "direct"  solution,  and 
where  a  chauj^e  in  the  chemical  nature  took  place,  as  when  bases 
were  dissolved  in  acids,  as  "  indirect "  or  "  chemical "  solution. 

Such  a  distinction  is  not  necessary,  and  moreover  incorrect,  for 
we  must  consider,  that  "  solution  "  in  such  a  case  is  only  apparent, 
there  being  new  bodies  of  a  different  chemical  constitution  pro- 
duced, which,  as  such,  are  dissolved  in  the  excess  of  the  solvent. 
The  chemical  action  which  takes  place  first,  has  nothing  to  do  with 
the  phenomena  of  solution. 

The  rate  or  ratio,  according  to  which  a  substance  is  dissolved  by 
any  particular  liquid,  is  called  its  "solubilityJ*  The  solvent 
powers  of  a  liquid  for  different  bodies  are  Very  difi^erent.  If  none 
of  the  substance  is  taken  up  by  the  solvent,  it  is  said  to  be  "  in- 
soliMe;"  if  comparatively  little  is  dissolved,  it  is  designated ,  as 
"  difficulty  "  or  "  sligMly  soluble  "  (example,  calcium  hydrate) ;  when 
large  amounts  are  taken  up  readily,  as  "  very  soluble  "  (example, 
potassium  iodide). 

When  a  solvent  has  taken  up  as  much  of  the  substance  as  it  is 
capable  of  at  a  certain  temperature,  it  is  said  to  be  "  scUurated" 
If  there  be  an  insufficient  amount  of  the  body  present,  it  will  be 
entirely  dissolved  and  an  "  unsaturated  "  solution  will  result. 

The  solubility  of  a  solid  depends  upon  several  conditions : 

1st.  The  Nature  of  the  Substance  (form,  density) ;  hence  we  pul- 
verize bodies  to  facilitate  contact  with  the  solvent. 

2d.  The  Nature  of  the  Solvent. 

3d.  Temperature. 

4th.  Presence  of  other  dissolved  Solids. 

The  Nature  of  the  Substance  must  be  considered.  The  solubility 
of  a  solid  depends  primarily  upon  its  nature,  for  we  find,  for 
instance,  that  oarium  sulphate  requires  250,000  parts  of  water  for 
solution,*  while  on  the  other  hand,  sodium  thiosulphate  is  soluble 
in  all  proportions  in  water  (at  45°  C). 


•  Silver  bromide  at  20<>  C.,  is  soluble  1  in  1,971,650  parts  of  water. 
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Tlie  Nature  of  the  Solvent  plays  a  very  important  part  in  solution. 
We  find  the  solvent  powers  of  water  entirely  different  from  those 
of  alcohol,  ether  or  glycerin. 

The  chief  solvents  employed  in  pharmacy  are  water,  alcohol, 
glycerin,  ether,  chloroform,  acids  and  oils. 

Woter  is  a  general  solvent  of  wide  application.  It  is  employed 
in  the  preparation  of  the  medicated  waters,  syrups,  solutions 
(liquores),  etc.  When  it  is  used  in  the  preparation  of  silver  solu- 
tions, eye-washes,  hypodermic  solutions,  etc.,  it  should  be  distilled 
and  fulfill  all  the  requirements  of  the  Pharmacopoeia.  Water  dis- 
solves most  inorganic  salts;  from  vegetable  arugs  it  dissolves 
gums,  starch,  sugar,  neutral  principles,  certain  alkaloids,  tannins, 
extractive  and  many  coloring  matters. 

Alcohol  is  of  the  greatest  importance  pharmaceutically,  because 
of  its  excellent  solvent  properties  and  the  stability  of  the  prepara- 
tions made  with  it.  It  is  a  solvent  for  resins,  volatile  oils,  alka- 
loids, and  neutral  principles,  while  it  does  not  take  up  such  inert 
principles  as  starch  and  gummy  matter. 

Glycerin. — ^The  solvent  properties  of  this  lie  between  that  of 
alcohol  and  water,  and  when  added  to  either  of  these,  it  insures 
greater  stability  of  the  finished  preparation.  It  dissolves  tannin, 
starch,  many  inorganic  salts,  pepsin,  organic  acids,  etc.  (See 
Glycerites.) 

Ether  dissolves  principally  fixed  and  volatile  oils,  fats,  resins, 
and  most  alkaloids  (not  their  salts). 

Chloroform  possesses  about  the  same  solvent  properties  as  ether, 
but  it  has  the  advantage  that  it  is  not  infiammable. 

Acids. — Acetic  acid  in  a  diluted  form,  is  emploved  as  a  solvent 
in  the  preparation  of  the  oflBcial  vinegars.  Glacial  acetic  acid  and 
hydrocnloric  acid  are  solvents  of  many  organic  compounds. 

Oils  are  employed  as  solvents  of  gums  and  resins  in  the  pre- 
paration of  liniments. 

Effect  of  Temperature  on  Solubility. — Rise  of  temperature  usually 
increases  the  solubility  of  a  solid.  In  some  cases,  we  find  that  the 
solubility  increases  in  a  definite  ratio  with  the  temperature  of  the 
solvent,  for  example,  potassium  chloride,  barium  chloride,  or 
magnesium  sulphate.  In  another  class  (the  majority),  we  find  the 
ratio  of  solubility  to  the  temperature  irregular.  In  a  small  num- 
ber of  cases  we  find  that  the  solubility  steadily  diminishes  as  the 
temperature  rises,  that  is,  the  substance  is  more  soluble  in  cold, 
than  in  hot  water.  As  examples  of  this  we  have  calcium  hydrate, 
sodium  chloride,  strontium  sulphate,  calcium  citrate,  and  paral- 
dehvde. 

The  relationship  of  temperature  to  solubility  is  most  clearly 
shown  by  the  table  of  curves,*  Fig.  205,  where  the  lower  line  of 
figures  express  the  degree  of  temperature,  and  the  side  figures,  the 
quantity  aissolved  by  100  parts  of  the  solvent. 

*  Oatwftld,  "Oatlines  of  Inorganic  Chemistrj,*'  p.  160. 
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FiQ.  205. 


In  cooling  a  hot  satarated  aolation,  a  portion  of  the  dissolved  body  separates  out 
in  a  solid  (usoaliy  crystalline)  form,  while  the  remainder,  according  to  its  coefficient* 
of  solubility  for  the  given  temperature,  remains  in  solution.  When  bodies  of  difier- 
ent  degrees  of  solubility  are  dissolved,  the  less  soluble  separate  out  first,  while  the 
more  soluble  remain  in  solution. 

The  Presence  of  Dissolved  Bodies  in  a  solution  often  affects  the 
solubility  of  other  substances  in  this  menstruum.  Here  we  may- 
distinguish  several  different  cases : — 

1st.  The  presence  of  one  salt  may  increase  the  solubility  of 
another.  For  instance,  the  presence  of  an  alkaline  chloride,  such 
as  sodium  or  ammonium  chloride,  increases  the  solubility  of  mer- 
curic chloride  in  water.  Iodine  is  practically  insoluble  in  water, 
but  by  the  use  of  an  alkaline  iodide,  we  can  cause  water  to  take 

up  large  amounts  of  it  (ex- 
ample, LugoPs  Solution).  This 
is  an  example  where  it  is  pos- 
sible for  us  to  form  a  saturated 
solution  (KI),  which  is  capable 
of  taking  up  a  further  quantity 
of  a  second  substance  (I). 

2d.  The  presence  of  one 
salt  may  diminish  the  solubil- 
ity of  another.  For  example, 
we  cannot  dissolve  potassium 
sulphate  in  a  solution  of  am- 
monium sulphate,  or  potassium 
nitrate  in  a  solution  of  ammo- 
nium nitrate.  Potassium  car- 
bonate is  a  very  soluble  salt, 
but  it  is  insoluble  in  concen- 
«•      if#»  trated  water  of  ammonia. 

Table  of  Carres  of  Solubility  for  Nitrates.  Q^     ^^    alteration     in      the 

nature  of  the  solvent  may 
alter  the  solubility  of  the  salt.  The  addition  of  alcohol  to  many 
saline  solutions  will  cause  the  salt  to  be  precipitated.  For  ex- 
ample, on  adding  alcohol  to  a  saturated  solution  of  ferrous  sul- 
phate, the  iron  salt  will  be  precipitated  as  a  granular  powder 

Condition  of  Contact  op  the  Body  with  the  Solvent. — 
We  may  facilitate  the  solution  of  solids  by  triturating  or  agitat- 
ing them  in  powder  form  with  the  solvent;  this  facilitates  the 
contact  of  the  two,  by  continually  exposing  the  surfaces  of  the 
particles  of  the  powder  to  the  contact  of  fresh  portions  of  the 
solvent.  This  same  principle  is  involved,  when  air  or  carbonic 
acid  gas  is  passed  rapidly  through  a  mixture  of  the  solid  and 
fluid,  for  the  purpose  of  producing  brisk  agitation. 

Circulatory  Solutiox. — When  the  quantity  of  matter  to  be 
dissolved  is  large,  and  the  time  permits,  we  may  suspend  the 


*  Coefficient  is  a  number,  expressing  a  certain  arithmetical  ratio.  "  Coefficient  of  solubility  "  is 
the  number  expressini;  either  how  many  parts  of  a  salt,  etc  ,  are  soluble  in  100  parts  of  a  solvent,  or 
how  many  parts  of  a  solvent  are  required  to  dissolve  1  part  of  a  salt. 
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substance,  placed  in  a  porous  diaphragm  {perforated  funnel,  sieve 
or  muslin  bag),  just  below  the  surface  of  the  liquid  solvent.  A 
more  or  less  saturated  solution  (resulting  from  the  immediate 
contact  of  the  solvent  with  particles  of  the  solid),  owing  to  its 
density,  sinks  to  the  bottom  of  the  vessel,  and  its  place  is  taken 
by  fresh  portions  of  the  solvent  displaced.  This  circulation  con- 
tinues until  the  liquid  becomes  saturated.  This  same  procedure 
applied  to  the  extraction  of  soluble  matter  from  vegetable  drugs 


Appantui  for  Geaenllon,  WiMblnit,  *n<l  Ealulton  of  (iu«>. 

is  known  as  "Circulatory  Displacement,"  and  is  employed  in  the 
preparation  of  infusions,  tinctures  (hy  maceration),  etc. 

Supersaturated    Solutions. — A    hot   saturated   solution   of 
Glauber's  salt  (NaiSO,  +  lOHjO),  when  proper  care  is  taken  to 

Erotect  it  from  jarring  and  dust,  may  be  cooled,  and  still  remain 
quid,  notwithstanding  the  solution  contains  a  larger  amount  of 
the  salt  than  the  coefficient  of  solubility  for  the  lower  tempera- 
ture allows.  The  slightest  jar,  or  bringing  it  in  contact  with  a 
solid  body,  causes  its  solidiffcation  at  once.  Such  a  solution  is 
called  " supersaiurated." 


Solution  of  Gases. — Gases  are  usually  more  soluble  in  alcohol 
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than  in  water.  The  most  easily  condensibie  gases  are  the  most 
soluble.  The  method  of  solution  is  the  reverse  of  that  usually 
employed  in  disaolving  solids,  that  is,  the  solvent  is  kept  as  cool 
as  possible.  Under  like  conditions  of  pressure  and  temperature, 
one  and  the  same  liquid  does  not  absorb  equal  quantities  of 
different  gases.  At  a  temperature  of  0°  (J.,  and  a  pressure  of  TfiO 
Mm.,  one  volume  of  water  dissolves  the  following  volumes  of 
gas  :— 

Caibonic  acid  (carbon  dioxide,  CO,), l.t) 

Snlpharatted  hjdrogeu  (H,S), 4.3 

Salpburoos  acid  (salplinniaa  anhydride,  80,) 79.S 

Hydrochloric  add  (HCl) B03.0 

AmmonU  (NH,) 1050.0 

Solutions  of  such  gases  as  chlorine,  sulphuretted  hydrogen, 
sulphurous  acid  or  ammonia,  are  often  prepared  by  the  apothe- 
cary. For  the  preparation  of  such  solutions,  the  apparatus  as 
shown  in  Fig.  206  may  be  employed.  The  gas  is  generated  in 
the  flask  a,  which  is  provided  with  a  safety  tul^  c ;  the  gas  passes 
out  through  d  into  the  wash-bottle  /,  which  contains  a  little 
water,  for  the  purpose  of  retaining  impurities ;  then  it  passes  on 
through  the  tuoe  i  into  the  water  contained  in  flask  g.  The  tube 
dips  just  a  little  below  the  surface  of 
F«o-  9OT.  the  water  which  half  iiUs  the  bottle, 

which  is  placed  in  a  bath,/i,  of  cold 
water.    The  neck  of  the  bottle  is 
loosely  plugged  with  cotton  to  pre- 
vent the  escape  of  gas.    At  short 
intervals  the  bottle  is  removed,  its 
mouth  closed  with  the  ball  of  the 
,  thumb,  or  palm  of  the  hand,  and 
agitated  until  the  unabsorbed  gas 
is  dissolved.    This  procedure  is  con- 
tinued until,  after  shaking,  pressure 
on  the  hand  is  observed  from  escap- 
r™p.r«nonofChiorineWM«r.         i^g  gfl8-    Abetter  method  for  the 
preparation  of  chlorine  water  is  that 
of  Liebig  (Fig.  207),  in  which  the  current  of  gas  (as  soon  as  the 
air  is  removed  from  the  apparatus),  is  passed  into  an  inverted 
retort  filled  with  water.    As  soon  as  some  gas  has  collected  over 
the  surface  of  the  water,  it  is  shaken  until  dissolved ;  this  is  con- 
tinued until  the  wat«r  is  saturated.     This  avoids  the  esca()e  of 
odors  into  the  room.    The  operation  of  shaking  the  excess  of  gas 
with  the  water  or  solvent,  is  not  necessary  in  the  case  of  such 
soluble  gases  as  ammonia   and   sulphurous  acid.     In  preparing 
solutions  of  the.se  in  water,  care  should  be  taken  to  keep  up  a 
steady  current  of  gas,  and  when  the  operation  is  over,  the  receiver 
-should  be  at  once  disconnected  at  the  rubber  joint  e,  before  the 
lamp  is  removed  from  under  the  sand-bath  b,  because  the  vacuum 
created  by  the  cessation  of  hot  vapors  would  cause  the  contents 
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of  the  wash  bottle  (/)  and  receiver  {g\  to  be  sepai*ated  back  into 
the  flask. 

Density  op  Solutions. — On  bringing  a  salt  or  gas  into  solu- 
tion in  a  solvent,  the  specific  gravity  (density)  of  the  liquid  is 
generally  increased.  In  most  instances,  this  increase  is  in 
definite  ratio  to  the  amount  of  the  body  dissolved.  The 
specific  gravity  of  water  being  1.000,  if  we  dissolve  five  parts 
by  weight  of  caustic  soda  in  it,  we  will  find  the  specific  gravity 
to  have  risen  to  1.059;  if  ten  parts,  to  1.115,  etc.  If  we  dissolve 
31.9  parts  of  hydrochloric  acid  in  water,  the  specific  gravity  will 
be  1.163.  On  the  other  hand,  if  we  make  a  solution  of  ten  per 
cent,  of  ammonia  gas  in  water,  we  will  find  the  specific  gravity 
to  be  0.960;  and  if  one  of  28  per  cent.,  0.901.  The  specific 
gravity  of  a  solution,  is  a  ready  and  fairly  accurate  means  of 
determining  the  amount  of  dissolved  salt  or  gas,  when  only  one 
substance  is  present. 

Change  in  Volume  by  Solution. — Most  salts,  when  dissolving 
in  water  cause  contraction ;  where  water  of  crystallization  is  taken 
up  by  the  salt,  the  contraction  is  greater  than  in  the  case  of  salts 
having  combined  water.  On  diluting  a  concentrated  solution, 
contraction  takes  place.  Expansion  of  volume  takes  place  when 
the  dissolved  solid  contains  a  large  amount  of  water  of  crystal- 
lization, or  a  decided  rise  of  temperature  takes  place.  For 
example,  when  we  dissolve  ferri  sulphas  exsiccatus  or  alumen 
exsiccatum  in  a  measured  volume  of  water,  we  find  that  a  con- 
traction of  volume  results,  since  these  salts  have  withdrawn 
respectively  7  or  24  molecules  of  water;  on  the  other  hand,  if 
we  dissolve  the  crystalline  salts,  we  find  an  increase  in  volume, 
due  to  the  throwing  off  of  7  or  24  molecules  of  water.  On  mix- 
ing absolute  alcohol  and  water,  a  contraction  of  from  three  to  four 
Eer  cent,  takes  place,  according  to  the  propoilions  of  the  two ;  it 
eing  greatest  when  49.836  volumes  of  water  are  mixed  with 
53.939  volumes  of  absolute  alcohol ;  at  15°  C.  the  mixture  meas- 
ures exactly  100  volumes,  instead  of  103.775. 

Freezing  Mixtures. — The  passage  of  bodies  from  the  solid  to 
the  liquid  state  (or,  of  the  solid  or  liquid  to  the  gaseous),  produces 
a  consumption  of  energy,  which  is  accompanied  by  a  lowering  of 
the  temperature;  hence  in  dissolving  salts,  particularly  those 
which  dissolve  rapidly,  a  cold  mixture  results.* 

•FREEZING  mixtures. 
If  the  liquids  employed  be  first  cooled,  a  greater  diminution  of  temperature  wUl  take  place. 

The  Temperature  U  Lowered, 
On  Mixing:—  From  To 

8  pts.  powd.  Glauber's  Salt  and  6  pt«.  Hydrochloric  Acid +  10°  —  17°  C. 

1  pt.  each  of  Ammonium  Chloride,  Potassium  Nitrate  and  Water,     .  +  1(P  —  25°  C. 

1  pt.  each  of  Ammonium  Nitrate  and  Water, +  10°  —  12°  C. 

2  pts.  Snow  and  1  pt.  Salt, 0°  —  21°  C. 

9  pta.  Sodium  Phosphate  and  4  pts.  Dil.  Nitric  Acid +  10°  —  29°  C. 

1  pt.  Snow  and  1  pt.  Dil.  Sulphuric  Acid, —  7°  —  '"^  £• 

7  pts.  Snow  and  10  pta.  cryst.  Calcium  Chloride, 0°  —  ^  i-x 

A  mixture  of  Ether  and  solidified  Carbon  Dioxide —  110°  C. 

Pictet*s  Fluid  (liquefied  mixture  of  S0»  and  C0|), —  200OC. 
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Elevation  op  Temperaturk  Dub  to  CHEMiCAr.  Action. — 
In  the  process  of  solution,  we  find  many  instances  where  a  con- 
siderable amount  of  heat  is  generated,  as  when  dissolving  anhy- 
drous caustic  soda  or  potash  or  calcium  chloride  in  water.  From 
these  solutions  we  can  obtain  the  crystalline  salts  NaOH  +  THjO; 
K0H  +  2H»0;  CaCl,  +  6H,0.  The  enormous  rise  of  temperature 
produced  by  the  addition  of  sulphuric  acid  to  water  is  also  attribu- 
table to  the  fact,  that  chemical  action  has  taken  place,  with  the 
absorption  of  waier  of  hydration.  The  mixing  of  30  parts  by 
weight  of  absolute  alcohol  with  70  parts  of  water  causes  a  rise 
of  temperature  of  9.14  degrees,  producing  probably  the  hydrat« 
C»H,0H.3H,0. 

DETERMINATION  OF  THE  SOLUBILITY  OF  BUB8TANCES. 
In  order  to  ascertain  the  solubility  of  a  body,  we  have  recourse 
to  either  one  of  two  methods : 

1st.  Method  of  Digeetion. — When  we  expose  an  excess  of  the 
powdered  substance  to  the  action  of  the  solvent,  during  a  period 
of  from  several  hours  to  a  day,  at  the  desired  temperature.  We 
place  the  mixture  of  the  two  in  a  small  flask  or  test-tube,  which 
IS  placed  in  a  bath  kept  at  the  desired  temperature,  and  shaken  at 
frequent  intervals.  After  digestion  has  been  continued  sufficiently 
long,  the  entire  mass  (liquid  and  undissolved  powder),  is  quickly 
drained  on  a  small  dry  niter.  The  filtrate  is  collected  in  a  tared 
beaker  and  weighed,  then  evaporated  to  dryness,  cooled  in  a  desic- 
cator, and  again  weighed. 

2d.  The  Method  of  Cooling. — We  heat  the  mixture  of  the 
solvent  and  substance,  until  a  concentrated  solution  has  been 
obtained  at  a  temperature /iipAerthan  that  at  which  the  determina- 
tion is  to  be  made.  This  solution  is  then  cooled  to  the  desired 
temperature,  and  maintained  at  this  point  for  some  time,  under 
addition  of  some  crystals  of  the  salt,  and  agitation.  It  is  then 
filtered  and  treated  as  directed  above. 

In  applyine  either  of  the  above  methods  to  the  determination 

of  the  solubility  of  a  solid,  in  a  volatile  menstruum,  it  is  best  to 

employ  a  small  flask  with  an  inverted  condenser  (Fig.  151)  to 

avoid  loss  of  solvent.    Then  a  sufficient  quantity  is 

Fig.  Hos.       filtered  guickly  into  a  stoppered  weighing  flask  (Fig. 

208),  this  is  closed,  allowed  to  cool  and  weighed. 

The  volatile  liquid  is  then  evaporated  off,  and  the 

weight  of  the  dry  residue  determined.     Care  must 

be  taken,  that  the  proper  temperature  (at  which  the 

solubility  is  to  be  determined)  is  maintained  for  at 

least  an  "hour* before  filtration. 

In  carrying  out  the  above,  for  crystalline  salts,  the 

evaporated  solution  must  be  dried  at  a  temperature 

'  sufficiently  high  to  drive  off  all  waterof  crystalliza- 

weijhing Bottle,    tion.and  the  residue  then  weighed  as  anhydrous 

salt,  bat  calculated  back  to  crystalline  when  the 

e  estimated. 
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Example:  A  saturated  solution  of  potassium  chl6rate  at 
12°  C,  weighed  10.98  Gm. ;  when  evaporated  to  dryness  it  gave 
0.7025  6m.  residue.  What  was  the  amount  dissolved?  Let 
the  weight  of  the  saturated  solution  be  taken  as  W,  and  the 
weight  of  the  substance  found  therein  dissolved,  be  w ;  then 
W  —  w  will  equal  the  weight  of  the  water ;  we  make  the  propor- 
tion (W  —  w)  :  w  : :  100  :  x  or  x  =  y^::^^    Substituting  figures 

(W  =  10.98 ;  w  =  0.7025)  we  have :  W  —  w  =  10.2775  the  weight 
of  water  in  the  solution. 

Weight  qf  troter,      Dry  ruiduej 
fpj^^j^  10.2776  0.7026     :  :    100  X 

X  ":=■  6.83 

That  is  100  parts  of  water  had  dissolved  6.83  parts  of  potassium 
chlorate  at  12^  C. 

For  convenience,  solubilities  are  sometimes  expressed  by  stating 
the  amount  of  solvent  required  to  dissolve  one  part  of  the  solid. 
Then  in  this  case  it  would  be — 

Dry        Weiphtqf 
retiauet      towerUf 
as  6.83     :    100     :  :    1     :    X 

X  =  14.64. 

That  is,  14.64  parts  of  water  held  1  part  of  potassium  chlorate  in 
solution  at  12°  C. 


AN  APPARATUS  ("  LYSIMETER ")  FOR  DETERMINING  SOLUBILITIES. 

In  determining  the  solubility  of  a  substance  in  some  liquid  at 
a  given  temperature,  there  is  usually  but  little  diflSculty  encoun- 
tered, when  the  solvent  is  not  very  volatile  and  the  temperature 
at  which  the  determination  is  to  be  made  is  not  high.  With  a 
highly  volatile  solvent,  and  a  high  temperature,  however,  certain 
difficulties  present  themselves  which  are  liable  to  lead  to  error. 
The  main  difficulty  is  encountered  in  the  endeavor  to  separate 
from  the  original  solution,  which  usually  contains  an  excess  of 
the  substance  in  suspension,  a  filtered  portion  at  the  same  tem- 
perature as  that  of  the  solution.  The  higher  this  temperature  is, 
the  more  difficult  becomes  the  removal  of  a  portion  without  the 
introduction  of  errors  by  the  ordinary  methods  of  filtration.  It 
appears,  therefore,  that  it  is  only  necessary  to  modify  the  method 
of  filtration  in  such  a  way  as  to  maintain  the  temperature  of  the 
original  solution  unchanged  in  order  to  eliminate  these  errors. 
This  may  be  easily  accomplished  by  upward  filtration  into  a 
tube  placed  in  the  original  solution,  and  so  constructed  that  it 
will  enable  the  operator  to  control  the  act  of  filtration,  as  well  as 
accurately  to  determine  the  amount  of  solvent  and  dissolved 
material.  For  this  purpose  the  little  apparatus  here  described 
has  been  found  very  serviceable. 
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The  apparatus  consists  of  a  glass  tube,  a,  15  centimeters  long, 

and  one  centimeter  in  external  diameter,  provided  at  one  end 

with  a  well-ground  stopper,  c,  while  the  other  end  is  cup-shaped, 

there  being  a  contracted  neck  between  the  cup  and  the  main 

tube.    Into  this  cup  is  made  to  tit  a  carefully 

Fio.  209.  ground  glass  bell,  e,  having  a  small  perfora- 

"  tion  in  ita  bottom  (as  shown  in  /).    There  is 

also  a  stopper,  b,  which  is  carefully  ground  to 

fit  into  the  cup,  and  which  is  inserted  after 

the   glass   bell,  e,  has  been   removed.     The 

several  stoppers,  etc.,  are  all  numbered,  to 

show  where  they  belong. 

To  show  how  the  apparatus  is  used,  it  will 
be  best  to  quote  a  practical  example. 
Jjet  us  assume  that  the  solubility  of  mor- 

fhine  in  boiling  alcohol  is  to  be  determined, 
t  will  be  necessary  to  provide  for  such  an 
amount  of  liquid  that  at  least  one-half  of  the 

ftass  tube,  a,  may  be  immersed  in  the  liquid, 
n  the  case  of  comparatively  cheap  solvents 
and  substances  to  be  dissolved,  beaker  glasses 
^        may  be  used ;  for  more  expensive  materials 
^^^     test-tubes  of  such  a  size  that  there  will  be  no 
^^H     great  waste  of  material  are  preferable. 
^^^1        The  glass  tube  is  made  ready  by  inserting 
^S^    the  stopper,  c,  and  introducing  into  the  cup- 
^■^     shaped  end   the  glass  bell,  e,  containing   a 
^g  J     pellet  of  purified  cotton  and  prevented  from 
^^^    dropping  out  by  a  thin  platinum  wire  fast- 
V        ened  around  the  contracted  neck  and  crossed 
over  the  mouth  of  the  bell.     A  sufficient 
amount  of  alcohol  having  been  introduced 
into  a  beaker  or  test-tube,  heat  is  applied  and 
morphine  added,  until,  after  the  boiling  has 
been   kept  up  some  time,  a  portion  of  the 
alkaloid  remains  undissolved.     The  prepared 
glass  tube  is  now  inserted  in  the  liquid.     As 
long  as  the  stopper,  c,  closes  the  mouth  of  the 
tube,  no  liquid  will  be  able  to  filter  upwards. 
When  the  tube  has  acquired  the  temperature 
j^         of  the  boiling  liquid  the  stopper,  c,  is  removed, 
Thfl L^imster.*  whcrcupon    the   liquid    will   begin   to   filter 

through  the  pellet  of  cotton  and  rise  in  the 
tube  as  far  as  the  quantity  of  liquid  will  permit.  In  order  to 
insure  perfect  uniformity  of  the  liquid  within  and  without  the 
tube,  it  is  best  to  allow  the  filtered  portion  to  flow  back  through 

wupublliSeiliDlheJsiii 
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the  pellet  of  cotton  once  or  several  times.  The  stopper,  c,  having 
then  been  inserted,  the  tube  is  withdrawn,  turnea  upside  down, 
the  glass  ball  removed,  and  the  stopper,  d,  inserted.  The  tube  is 
now  carefully  cleaned  with  alcohol,  and  laid  aside  until  cold.  Its 
tare  having  previously  been  determined,  the  increase  in  weight 
represents  the  weight  of  the  solution  contained  therein.  On 
transferring  or  washing  the  contents  into  a  tared  beaker  or 
caj)sule,  and  evaporating,  the  weight  of  the  dissolved  morphine 
will  be  found. 

PERCENTAGE  SOLUTIONS. 

It  must  be  distinctly  understood,  that  percentage  by  weight 
means  that  all  ingredients  must  be  weighedy  and  percentage  by 
volume,  that  all  ingredients  must  be  measured,  A  1  per  cent, 
solution  of  cocaine  hydrochlorate  contains  1  part  by  weight  of  the 
salt,  and  99  parts  hy  weight  of  water;  a  2  per  cent,  solution  con- 
tains 2  parts  by  weight  of  salt,  and  98  parts  by  weight  of  water. 
The  word  part  may  stand  for  a  grain,  or  gramme,  or  ounce,  or  any 
unit.  To  make  a  fluidoutice  of  a  1  per  cent,  solution  we  first  need 
to  know  the  weight  of  a  fluidounce  of  water,  at  the  temperature 
at  which  we  desire  to  make  our  solution.  We  find  that  a  fluidounce 
(of  480  minims)  of  water  at  15.5°  C.  weighs  455.7  grains,  hence 
1  per  cent,  of  this  would  be  4.55  +  grains.  Subtracting  this  from 
455.7,  we  obtain  451.2  +  grains.  Consequently,  we  dissolve  4.5 
grains  of  cocaine  hydrochlorate,  in  451.2  grains  of  water  at  this 
temperature.  If  we  desire  to  make  one  fluidounce  of  an  alcoholic 
solution  of  cocaine  hydrochlorate,  we  must  first  find  the  weight 
of  1  fluidounce  of  alcohol.  If  we  use  U.  S.  P.  alcohol  of  specific 
gravity  0.820,  then  455.7  times  0.820  gives  us  373.6  +,the  weight 
of  1  fluidounce  of  this  alcohol,  in  grains ;  then  we  proceed  as  above. 
To  prepare  a  pint  of  a  1  in  1000  solution  of  cocaine  hydrochlorate, 
divide  7,291  (grains  in  1  pint  of  water)  by  1000;  this  gives  the 
number  of  grains  (7.29)  of  the  salt  per  pint,  and  sufficient  water 
must  be  added  to  make  the  product  weigh  7,291  grains.  In 
these  calculations,  1  grain  of  the  salt  was  assumed  to  occupy  the 
same  space  as  1  minim  of  water,  which  is  not  exactly  the  case,* 
hence  a  solution  prepared  as  above,  will  measure  two  or  three 
minims  less  than  a  fluidounce.  For  all  practical  purposes  how- 
ever, this  is  near  enough,  but  when  an  exact  volume  (say  exactly 
1  fluidounce)  is  desired,  it  is  best  to  make  a  quantity,  a  little  in 
excess,  and  then  to  throw  away  what  is  not  needed  or  to  dispose 
of  it  otherwise.  Many  physicians  in  prescribing  solutions  under- 
stand percentage  by  measure,  i.  e.,  grains  of  a  solid  to  the  flui- 
drachm  or  fluidounce,  or  milligrammes  to  the  cubic  centimeter ; 
this  is  iveight  for  measure  and  not  percentage.     For  convenience 


*Jour.  Chein,  Soe.,  1892,  pag«  766. 
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in  dispensing,  the  table  of  Puckner  or  that  of  Loudenbeck  are 
useful.* 


RULES  AND  EXAMPLES  FOR  DILUTION  AND  FORTIFICATION. 

In  applying  these  rules,  percentage  by  volume  or  weight  may 
be  used ;  the  two  must  not  be  confounded  or  mixed  in  carrying 
out  the  calculations.  Alcohol  is  selected  as  illustration ;  but  in 
place  of  this,  such  liquids  as  ammonia  water,  hydrochloric  or 
acetic  acid,  or  any  others  may  be  selected.  For  further  study  of 
this  subject  the  reader  is  referred  to  Oldberg's  "  Pharmaceutical 
Problems  and  Exercises,"  from  which  these  examples  are  selected. 

RuLK  I. — To  find  the  quantity  of  water  required  to  be  added  to 
alcohol  of  any  given  percentage  strength,  to  dilute  it  to  any  other 
percentage  strength  desired  : — Divide  the  per  cent,  strength  of  the  al- 
cohol to  be  dUvt^  (a)  by  the  percentage  desired  (6),  arid  subtract  1 
fro^m  the  quotieni;  the  remainder  is  the  number  of  parts  of  water  (x)  to 
be  added  to  each  part  ofAhe  alcohol  used  to  produce  the  result  desired. 

b 

Example. — We  have  a  90  per  cent,  alcohol  to  be  diluted  to  60 
per  cent. : — 

^  =1.50;  and  1.50-— 1  =  0.50. 


60 


Therefore :  J  pound  of  water  is  to  be  added  to  1  pound  of  the 
90  per  cent,  alcohol  to  reduce  it  to  60  per  cent. 

Rule  II. — ^To  make  a  definite  quantity,  by  weight,  of  alcohol 
of  any  given  percentage  strength  from  any  stronger  alcohol : — 
Multiply  the  required  quantity  (a)  by  the  desired  per  cent.  (6)  and  di- 
vide by  the  per  cent,  strength  of  the  stronger  alcohol  used  (c) ;  the 
quotient  is  the  weight  of  stronger  alcohol  required  {d)  to  he  diluted 
with  water ;  and  the  difference  between  that  weight  (d)  and  the  weight 
of  the  diluted  alcohol  desired  (a),  is  the  weight  of  water  (e)  necessary 
for  the  dilution. 

^L^  =  d;  anda  — d  =  «. 


•  Using  pure  water  at  239  C.  (71.6<>  F.),  1  flaidounce  weighing  45S.19  grains. 

jFbr  each  Jluidounee.  of  waier  For  each  fluidovnce  qf  waier 
take  of  the  salt^  take  of  the  salt- 
To  make:                                                 Grains:  To  make:                                                 Grains: 

1  r»er  cent., 4.597  1  in  1000, 0.456 

2  per  cent., 9.289  1  in    fiOO, 0.912 

3  per  cent., 14.078  1  in   400, 1.141 

4  per  cent., 18.966  1  in    300, 1.522 

6  per  cent., 23.957  1  in   200, 2.290 

10  per  cent., 50.676  1  in    100, 4.597 

15  per  cent., 80.327  1  in     50, 9  289 

20  per  cent., 113.797  1  in     25 18.966 

25  per  cent., 151.7.30  1  in  20, 50.576 

40  per  cent., 803.460  1  in   6, 113.797 

— rA«  Apothecary,  Feb.  1892, 10-13. 
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Example. — 6  pounds  of  60  per  cent,  alcohol  is  to  be  made  from 
an  alcohol  of  90  per  cent,  strength : — 

?L><??=  4  ;  ande  — 4  =2. 
90  ' 


ALLIGATION. 

Rule  I. — ^To  find  the  value  of  any  mixture  of  known  quanti- 
ties of  ingredients,  each  of  known  value : — Multiply  the  quantity  of 
each  ingredient  by  its  value  and  add  the  several  products ;  divide  the 
sum  by  the  sum  of  the  quantities  of  the  several  ingredients  ;  the  quo* 
tient  is  the  value  of  the  whole  mixture, 

Hcampk. — ^We  mix  3  pounds  of  80  per  cent,  alcohol,  8  pounds 
of  91  per  cent,  alcohol,  5  pounds  of  45.5  per  cent,  alcohol,  6 

Eounds  of  40  per  cent,  alcohol,  and  8  pounds  of  water;  what  will 
e  the  alcoholic  percentage  strength  of  the  mixture  ? 

3X80  =240. 
8X91  =728. 
6X45.5=227.5 
6X40  =240. 
8X  0  =  0. 
30  1435.5 

and  1^-4-47.85  per  cent. 

Rule  II. — To  find  the  proportional  quantities  of  ingredients  of 
known  value  required  to  produce  a  given  mean  value: — Write 
the  numbers  expressing  the  units  of  value  of  the  respective  ingredients 
in  a  column  to  the  right,  and  the  mean  songht,  to  the  left;  link  together 
the  numbers  expressing  the  respective  values  of  any  two  ingredients, 
one  of  which  is  above  and  the  other  below  the  mean  value  sought;  take 
the  difference  between  the  mean  and  the  value  of  each  ingredient,  and 
place  that  difference  opposite  the  value  of  the  other  ingredient  to  which 
it  is  linked;  the  differences  are  the  proportions  required  of  the  ingre- 
dients opposite  whose  values  they  are  placed.    Thus : — 

Example, — Five  substances  of  different  value  are  to  be  mixed  so 
as  to  yield  a  product  of  the  mean  value  of  14.  The  value  of  the 
several  substances  are:  9,  12, 13, 16,  and  18.  How  much  of  each 
substance  will  have  to  be  taken  ? 


14 


r  9 
12  . 

13] 
18  ^ 

2 
4 

2 

1  +  5 
2 

=  18 
=  48 

—  26 
=  96 

—  36 

11-1-5  = 

16)224(14 
16 

64 
64 

The  first  ingredient,  having  a  value  of  9  (which  is  a  value  below 
14),  is  linked  to  the  fourth  ingredient,  having  the  value  of  16  (which 
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is  above  14).  The  second  ingredient,  with  the  value  of  12,  is  linked 
to  the  fifth,  with  the  value  of  18;  and  the  third  ingredient,  having 
a  value  of  13,  is  linked  to  the  fourth  in  the  same  manner.  As  the 
difference  between  13  and  14  is  1,  we  place  the  number  1  opposite 
16,  to  which  the  13  is  linked  ;  and  as  the  difference  between  14 
and  16  is  2,  we  place  the  number  2  opposite  the  13  to  which  the 
16  is  linked.  Then  taking  another  pair,  we  put  the  number  4 
opposite  12,  because  12  is  linked  to  18,  and  the  difference  between 
14  and  18  is  4;  and  opposite  18,  which  is  linked  to  the  12,  we  nut 
the  number  2,  which  is  the  difference  between  14  and  12.  One 
more  pair  now  remains,  viz.:  that  of  9  and  16.  Opposite  9  we 
put  the  number  2,  because  2  is  the  difference  between  14  and  16, 
to  which  9  is  linked ;  and  opposite  16  we  put  the  number  5  (in 
addition  to  the  number  1  already  placed  opposite  16),  because "5  is 
the  difference  between  14  and  9.  Now  we  add  together  the 
numbers  set  opposite  the  ingredients,  which  are  11  +  5,  making 
the  total  16  parts.  In  other  words,  we  must  use  2  parts  of  the 
ingredient  represented  by  9;  4  parts  of  the  ingredient  having  the 
value  of  12 ;  2  parts  of  the  third  ingredient;  1  +  5,  or  6  parts  of 
the  fourth  ingredient,  and  2  parts  of  the  fifth,  making  16  parts  in 
all,  and  we  will  find  that  this  mixture  will  have  a  mean  value  of 
14. 


CHAPTEE  XL 

DIFFUSION-DIALYSIS. 

Diffusion  is  the  mutual  pormeatine;  of  two  or  more  liquids  or 
gases,  or  an  intermixture  of  the  molecules  of  liquids  of  different 
density ;  it  is  of  the  same  nature  as  solution.  As  to  their  diffusive 
powers  through  water,  liquids  differ  widely;  fixed  oils  do  not, 
volatile  oils  slightly,  while  syrups,  glycerin,  alcohol,  crystalline 
salts,  etc.,  readily  diffuse  in  every  proportion.  If  water  is  poured 
carefully  upon  a  layer  of  sulphuric  acid,  the  two  form  distinct 
layers,  but,  on  standing  they  gradually  intermix,  that  is,  they 
diffuse  into  one  another.  The  same  may  be  said  of  saline  solu- 
tions and  various  other  liquids.  They  all  differ  from  one  another, 
however,  in  the  rapidity  with  which  they  diffuse ;  solutions  of 
such  substances  as  starch,  dextrin,  gum,  albumen,  glue,  etc.,  dif- 
fuse exceedingly  slowly,  if  at  all.  Graham,  considering  gelatin 
as  a  type  of  this  latter  class,  has  proposed  to  call  them  colloids 
{xokhri,  glue),  to  distinguish  them  from  the  far  more  easily  diffu- 
sible crystalloid  substances. 

Graham  proposed  a  method  of  separating  bodies  based  on  their 
unequal  diffusibility,  which  he  called  dialysis. 

Dialysis  is  the  diffusion  between  liquids  modified  by  the  inter- 
position of  an  animal  or  vegetable  membrane.  It  is  the  process 
of  separation  of  crystalline  from  non-crystalline  or  colloidal  sub- 
stances by  the  interposition  of  a  membrane.  This  membrane, 
whether  of  bladder  or  parchment-paper,  possesses  an  infinite 
number  of  minute  pores  (capillary  tubes),  by  means  of  which  the 
liquids  are  brought  m  contact  with  each  other  and  "  diffuse."  This 
is  called  osmosis.  A  dialyser  consists  of  a  ring  of  hard  rubber  or 
other  suitable  material,  over  one  end  of  which  was  stretched,  while 
wet,  a  sheet  of  parchment  paper  or  a  piece  of  bladder,  thus  forming 
a  vessel  about  two  inches  deep  and  about  ten  inches  in  diameter. 
Into  this  vessel  is  poured  the  mixed  solution  to  be  dialysed,  and 
the  whole  floated  in  another  vessel  containing  water  (Fig.  210). 
Glass  vessels  may  be  used  in  making  the  dituyser,  as  shown  in 
Fig.  211,  but  because  of  its  weight,  the  dialyser  should  be  supported 
to  the  proper  depth  in  the  water.  The  mixture  in  the  aialyser 
should  not  be  over  one-half  of  an  inch  deep  on  the  diaphragm.  A 
bladder  filled  to  about  two-thirds  with  the  mixture  and  suspended 
in  a  jar  of  distilled  water,  answers  just  as  well.  If  the  mixture 
placed  in  the  dialyser  (floating  vessel),  consists  of  crystalloid  and 
colloid  matter,  it  will  be  found,  after  a  period  of  from  several  hours 
to  a  day  or  so,  that  only  the  colloids  remain  in  tlie  dialyser,  while 
the  crystalloids  have  diffused  through  the  membrane  into  the  dis- 
tilled water  of  the  outer  vessel.  This  solution  is  called  the  diffusate. 
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The  process  of  dialysis  is  employed  by  the  chemist  as  well  as 
the  pharmacist.  The  toxicologist  separates  such  poisons  as  arsenic, 
antimony,  lead,  alkaloids,  etc.,  from  the  contents  of  a  stomach,  by 
placing  the  material  in  the  dialyser,  which  is  suspended  in  acid- 
ulated distilled  water ;  these  poisons,  being  crystalloids,  readily 


diffuse  through  the  membrane  and  are  identified  in  the  diffusate. 
The  pharmacist  may  purify  salicylic  acid  by  a  process  of  dialysis, 
or  may  separate  many  crystalline  organic  bodies  from  their  impu- 
rities.   We  can  remove  in  tnis 
Flo.  211-  manner  the  crystalline  active 

constituents  from  the  prepara- 
tions of  such  drugs  as  opium, 
aconite,  belladonna,  etc.  B.  F. 
Mclntyre  of  New  York  intro- 
duced a  class  of  preparations 
called  Dialysates,  based  on  this 
idea,  whereby  the  active  con- 
stituents were  removed  from 
the  inert  matter  in  the  various 
drugs. 

Thus  far  we  have  learned 
that  the  diffusate  contains  the 
material  we  seek,  while  that  left 
on  the  dialyser  ia  discarded.  In 
the  case  of  Dtabjued  Iron,  how- 
ever, it  is  just  the  reverse,  the 
colloid  matter  left  on  the  dia- 
Di^jBer.  lyser  being  the  material  aimed 

at,  while  the  crystalloids  (am- 
monium chloride  and  ferric  chloride)  with  any  free  acid  pass  into 
the  diffusate,  and  are  thrown  away. 


CHAPTER   XII. 

CRYSTALLIZATION. 

Generally  speaking,  bodies,  in  passing  from  the  liquid  or 
vaporous  condition  to  the  solid  state,  assume  regular  geometric 
forms.  Such  regular  forms,  bounded  by  plane  faces  and  definite 
angles,  are  called  crystals.  The  phenomenon  of  formation  is 
called  crystallizing.  We  define  bodies  which  are  capable  of 
assuming  this  form,  as  crystallizable  (as  quartz,  alum,  etc.),  and 
those  which  have  assumed  it,  as  crystalline.  Such  bodies  as  do 
not  conform  to  the  above,  that  is,  do  not  crystallize,  are  called  amor- 
phous (as  chalk,  glue,  etc.).  When  a  body  is  freshly  broken,  we 
often  observe  the  fractured  surfaces  to  exhibit  a  crystalline  struc- 
ture. This  is  sometimes  caWed^^crystalline fracture^' {as  msLThle, 
alabaster,  etc.).  The  plane  surfaces  which  bound  a  crystal  are 
called  fa^es  or  planes. 

The  intersection  of  two  adjacent  faces  (planes)  forms  an  edge. 
When  two  or  more  lines  or  planes  intersect,  their  edges  form  an 
angle.  In  order  to  classify  and  compare  the  various  forms  of 
crvstals,  we  must  have  some  simple  method  of  expressing  the 
relative  position  and  inclination  of  their  planes.  This  is  done 
by  referring  them  to  certain  svstems  of  axes.  These  axes  (Figs. 
212,  218,  222,  etc.),  are  called  crystallographic  axes;  they  are 
imaginary  lines,  which,  if  drawn  through,  would  intersect  at  the 
centre  of  the  crystal.  The  position  of  the  different  faces  (planes) 
of  the  crystal  are  fixed  by,  and  expressed  in,  the  relative  lengths 
of  their  intercepts  on  these  axes.  For  the  purpose  of  comparing 
the  different  crystal  planes,  systems  of  svmbols  have  been  devised, 
which  aim  to  locate  the  position  of  each  plane,  with  reference  to 
its  relation  to  the  crystallographic  axes.* 

Since  every  crystalline  body  has  its  own  peculiar  crystal  form, 
it  will  be  readily  seen  that  we  have  an  immense  number  of  these 
in  all  possible  varieties.  However,  in  the  face  of  this,  according 
to  their  greater  or  less  degree  of  symmetry,  they  are  divided  into 
six  different  classes  or  systems. 

Each  one  of  these  systems  has  its  imaginary  crystallographic 
axis  to  which  the  different  planes  (faces)  bear  a  fixed  symmetrical 
position.  According  to  the  relative  position,  number  and  size  of 
these  different  planes,  we  distinguisn  the  following  six  different 
systems. 

1.  Regular  system. 

2.  Tetragonal  system. 

3.  Hexagonal  system. 

*For  different  systems  see  Williams'  "  Elements  of  Crystallographv." 
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4.  Rhombic  system, 

5.  Monoclinic  system. 

6.  Triclinic  system. 

Ist.  The  R^nlar  (monometrie,  iBometric,  t«BBeTa1)  System.  All  fomiB  bave  three 
axes  or  ^uat  length,  which  inteisect  at  angles  of  90°  (Fig.  213). 

The  rnndamental  form  of  tbii  sTstem,  from  which  all  others  are  most  easily  de- 
rived, Is  the  regular  octahedron  (or  octahedron)  (Fig.  213),  with  eight  equilateral 
faces  (crystal  form  of  the  alnnis).  If  the  six  octahedral  angles  be  trnucated,  we 
have  the  crystal  form  of  potasainni  chloride  (Fig.  214),  Imagine  square  tnmcatious 
on  the  octahedral  angles  ;  then  we  have  the  gii-sided  hexahedron  (cnbe),  tlie  ci^stul 
form  of  potoasiam  iodide  and  sodiam  chloride  (Fig.  215).  By  the  troncatioa  of  the 
twelve  octahedral  angles,  we  obtain,  according  to  the  size  of  the  new  faces,  the  form 
(Fig,  216),  and  the  rhombic  dodecuhedron  (Fig.  217),  the  crystal  form  of  phosphonis, 
boracite,  etc.     la  a  similar  manner,  the  varions  other  forma  of  this  system  are  oh. 

2d.  The  T^tragonai  (dimetric,  qnadratic,  pyramidal)  System  has  three  axxe.  which 

Flo,  212. 


Bcgulu-  or  bomMric  Sf  itan. 

iDt«rBect  at  anglesof  90°,  fuo  of  these  (taterel)  being  of  r^unJ  length,  Hie  other  (prin- 
cipal axis),  being  either  longer  or  shorter.  The  fnndamental  form  of  this  system  is 
the  tetragonal  pyramid  (Figs.  219,  221).  By  tmncatiug  the  horizontal  augleH,  we 
obtain  the  square  pyramid  (Figs.  223,  224),  the  crystal  form  of  tin-atoue.  By  the 
truncation  of  the  npper  and  lower  angles  of  the  tetragonal  pyramid,  we  obtain  the 
crystal  form  of  potniisiara  ferrocyanide  (Fig.  220). 

3d.  The  Hexagonal  (rtiombohedric)  Systt^ni  has  four  axes.  The  nunilier  of  eqwil 
axes  (lateral)  are  three,  intersecting  the  principal  axis  at  angles  of  90°,  and  eacli 
other,  at  angles  of  60°,  The  fourth  or  principal  axis  is  of  greater  or  leswr  length 
(Fig.  222).  The  Amdamentol  fotni,  is  the  donble  hexagonal  pyramid  (Fig.  32.">), 
bounded  by  twelve  similar  acaleae  triangles, /rom  which,  the  forms  of  the  hexagonal 
prism,  closed  by  the  basal  pinacoid  (Fig.  227),  or  by  a  pyramid  (Fig.  226),  are 
derived.  In  this  system  we  find  qnartz,  iceland-spar,  arsenic,  bismulli,  aatiniony, 
sodium  nitrate,  elc. 

4th,  The  Bhombic  {orthorhombJc,  prismatic,  trimetric)  System  has  Ihree  axes  of 
unrfunf  lenglh,  all  intersecting  at  right  angles  (Fig.  228),  The  Aindnmental  form 
is  the  rhombic  octahedron  (Fig.  229),  boanded  by  eight  congruent  scalene  triangles. 
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wbich  lias  a,  degree  or  inclination  toward  the  axes  different  rrom  that  nf  the  other. 
The  moat  fieqaeut  and  chuacteristic  rorm  of  this  system  is  the  monocliuic  prism 


Itlonocllnic  Sj»\tm. 

(Fig.  232V      To  this  sjatem  helongs  sniphar   (ftised),  sodiDm   SDlphate,  rerroua 

anlphate,  cane  sugar,  oxalic  acid,  tartaric  ncid,  ^U\ 

6th.  The  Tilelinic  {asymmetric)  System  ha« 
three  aiett  of  nneqnal  leneth,  all  oblique  to  one 
another  (Fifi.  233).  The  most  common  form  is  the 
triclinic  octahedron,  all  of  tiie  npper  or  lower 
faces  of  which  have  a  different  degree  of  inclina- 
tion toward  the  thrive  axen.  To  this  system  belong 
copper  salphate,  potassium  bichromate,  etc. 


FIO.  233.  Flo.  234. 


"When  a  body  crystallizes  in  two  or 
more  forms,  belonging  to  different  sys- 
tems, it  !3  said  to  be  poliftnorphoun. 
When  of  two  forms  it  is  called  dimor- 
pkotis,as  for  example ;  sulphur  crystal- 
lizes in  the  rhombic  and  monoclinic 
systems.  When  the  body  crystallizes  in  thre-e  forms,  belonging  to 
different  systems,  it  is  said  to  be  trimorphmia,  for  example,  titanic 
acid  is  found  in  three  forms,  as  rutile,  brookite  and  anatas. 

Different  bodies  liaving  the  same  crystal  form  are  designated  as 
iaomorphous.  Chemically  analogous  compounds,  which  have  the 
same  crystal  form,  have  the  power  of  crystallizing  in  variable 

froportion  with  one  another,  also  to  exchange  their  constituents. 
a.  the  case  of  ordinary  alum 

(AI,(SO,),  +  K^.  -I-  24H,0) 
the  bases  may  be  replaced  by 

Fe, -Cr, -Mn, -orK, -NH„-Rb,  -Ca, 
respectively,  without  a  change  in  their  crystal  form.  A  crystal 
of  ordinary  alum,  when  suspended  in  a  solution  of  chrome- 
alum,  grows  as  though  it  were  in  its  own  solution.  This  is 
explained  by  the  similar  atomic  and  molecular  structure  of  the 
isomorphous  bodies. 

The  terms  primmtie  and  adrular  are  often  applied  to  long 
pointed  crystals,  and  tabular  to  those  crystallizing  in  flat  plates. 
Although  not  used  in  crystallography,  these  three  terms  sire  very 
common  and  convenient,  since  they  describe  the  general  outward 
appearance   of    the  crystal,  without   complicating  matters  with 
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technical  terms.  The  determination  of  the  crystalline  form,  that 
is  of  the  system  and  stereometric  form,  to  which  a  crystal  may 
belong,  is  often  a  very  difficult  matter,  involving  a  knowledge  of 
cleavage,  the  use  of  the  polarizer,  refractometer,  goniometer,  etc. ; 
hence  the  reader  is  referred  to  the  various  text-books  on  Miner- 
alogy and  Crystallography.* 

Ine  different  conditions  under  which  crystallization  takes  place 
are  the  following : — 

1st.  Crystallization  through  the  cooling  of  vapors ;  that  is  subli- 
mation, which  happens  only  in  the  case  of  volatile  solids,  such  as 
calomel,  benzoic  acid,  iodine,  corrosive  sublimate,  etc. 

2d.  Crystallization  through  the  cooling  of  fused  masses.  Exam- 
ples are  sulphur,  antimony  or  bismuth ;  the  beautiful  crystalline 
sulphides  of  nature,  as  those  of  iron,  antimony,  etc. 

3d.  Crystallization  through  deposition  from  solutions. 

This  may  take  place  under  either  of  the  two  following  condi- 
tions :  a,  By  the  spontaneous  evaporation  of  concentrated  solu- 
tions at  a  uniform  temperature,  o,  By  the  slow  cooling  of  a  hot 
supersaturated  solution. 

4th.  By  precipitation,  as  the  result  of  chemical  interaction  or 
alteration  of  menstruum. 

1st.  Orystallization  through  Sublimation  (see  Sublimation). 

2d.  Crystallization  through  Fusion  and  Partial  Cooling, — To  obtain 
these  substances  in  a  crystalline  form,  they  should  be  fused  in  a 
deep  vessel  (Hessian  crucible),  and  when  sufficiently  cooled,  the 
crust  which  forms  over  the  surface  is  pierced  and  the  melted 
material  drained  off ;  on  examining  the  interior,  the  sides  will  be 
found  covered  with  crystals. 

3d.  Crystallization  through  Deposition  from  Solutions. — The  object 
of  crystallization  is  that  of  purification,  for  when  we  obtain  a 
body  in  well-defined  crystals,  this  is  a  proof  that  it  is  practically 
pure.  This  method  of  purification  is  now  sometimes  applied 
to  the  purification  of  such  liquids  as  chloroform,  acetic  ether, 
glycerin,  phenol,  etc. ;  these,  on  being  exposed  to  an  extremely 
low  temperature,  crystallize,  thus  enabling  us  to  separate  the  non- 
crystallizable  impurities  (Pictet's  patent^. 

(a)  In  order  to  carry  on  crystallization  successfully,  we  must 
observe  certain  precautions :  First,  that  the  solution  be  perfectly 
clear  and  free  from  mechanical  impurities.  Second^  that  it  be 
brought  to  the  proper  degree  of  concentration ,  for  upon  this  depends 
the  size  and  character  of  the  crystals.  In  order  to  obtain  large  and 
well-defined  crystals,  i  t  is  best  to  subject  the  solution  to  slow  "  spon- 
taneous evaporation."  This  is  employed  particularly  in  cases 
where  the  salt  is  very  soluble,  as  in  potassium  bromide  and  iodide ; 
here  the  solution,  after  being  brought  to  the  proper  degree  of  con- 
centration, is  set  aside  in  a  dry  place  of  uniform  temperature. 


*  WilliamV  "  Elements  of  Crystailography,"  T?(pherinack's,  also  Dana's  "  Mineralogy,"  etc. 
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Should  variations  of  temperature  take  place,  a  portion  of  the  salt, 
having  crystallized  out  at  a  lower,  would  be  again  dissolved  at  a 
higher  temperature. 

The  proper  degree  of  concentration,  requires  a  consideration  of 
the  nature  and  solubility  of  the  substance.  If  it  is  very  soluble, a 
boiling  saturated  solution  should  not  be  made,  otherwise  we  would 
obtain  a  granular  mass.  The  proper  degree  of  concentration  is 
always  determined  beforehai:id  oy  experiment  on  smaller  quanti- 
ties. When  the  body  is  not  very  soluble,  the  solution  is  evapor- 
ated until  a  pellicle  or  crust  forms  over  the  wrface,  and  then  set 
aside.  Manufacturers  are  guided  by  the  density  and  Quantity  of 
the  solution,  in  conjunction  with  the  temperature  of  tne  air.  It 
must  not  be  forgotten  that  the  quantity  of  the  solution  determines 
largely  the  size  of  the  crystals. 

(6)  Hie  method  of  crystallizing  by  slowly  cooling  hot  supersaturated 
soluiionSy  is  employed  largely  in  the  crystallization  of  organic 
bodies.  In  dissolving  these,  we  employ  besides  water,  such 
solvents  as  alcohol,  ether,  chloroform,  benzol,  benzin,  petroleum, 
hydrochloric  and  acetic  acids.  Each  solvent  has  its  own  peculiari- 
ties and  applications.  When  w^e  employ  this  method,  we  dissolve 
the  body  m  the  hot  solvent,  so  as  to  produce  as  concentrated  a 
solution  as  possible.  This  is  best  accomplished  by  adding  the 
solvent  by  degrees  to  the  dry  substance,  until  just  enough  has 
been  added  to  dissolve  it  at  a  boiling  temperature.  The  solution 
is  then  set  aside  and  allowed  to  cool  slowly  so  that  crystals  may 
deposit.  The  slowef  the  rate  of  cooling,  the  larger  and  better 
defined  are  the  crystals.  For  this  reason,  we  often  allow  the 
vessel  to  cool  in  a  bath  of  hot  water. 

The  evaporation  of  saline  solutions  is  carried  on  in  shallow 
vessels,  \olatile  solutions  are  placed  in  deep  vessels;  these  are 
then  set  aside  in  a  warm  place  and  left  undisturbed.  The  slight- 
est  jarring  hinders  the  formation  of  large  crystals.  For  this 
reason,  the  hot  saturated  solution  of  Epsom  salt  is  stirred  while 
cooling.  This  prevents  the  formation  of  large  rhombic  prisms, 
and  produces  in  their  stead,  small  needles. 

Sometimes  these  saturated  solutions  refuse  to  crystallize.  This 
is  overcome  by  the  introduction  of  rough  or  angular  bodies,  or 
by  rubbing  the  sides  of  the  vessel  with  the  stirring  rod,  or  by 
introducing  a  few  Crystals  of  the  substance  which  is  in  solution. 
Strings  or  thin  sticks  of  wood  are  often  placed  in  the  crystallizing 
vats,  which,  by  their  rough  surfaces,  offer  points  of  adhesion, 
attracting  the  nuclei  and  facilitating  the  deposition  of  crystals 
around  them ;  this  accounts  for  the  long  cylindrical  masses,  in 
which  we  receive  milk  sugar,  rock  candy,  tartar  emetic,  prussiate 
of  potash,  copper  sulphate,  etc. 

The  liquid  remaining  after  crystallization  is  called  the  "  mother 
liquor"  This,  on  further  concentration,  yields  another  crop  of 
crystals  called  the  "  second  crystallization,"  which  are,  however. 
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not  83  pure  as  the  first.  Thus,  cane-sugar  crystallizes  from  its 
first  solution  in  pure  white  crystals ;  the  mother  liquor  on  further 
concentration  yieldsasecond  crop  of  a  yellowish  cast;  still  further, 
we  obtain  crystals  of  a  brown  color.  That  this  brown  color  is 
simply  due  to  mechanical  impurities,  is  shown  by  the  fact  that, 
by  repeated  crystallizations  (recrystaUization),  the  body  can  be 
ODtained  of  a  pure  white  color. 

If  more  than  one  body  be  present  in  a  solution,  and  their  solu- 
bilities differ,  they  may  be  readily  separated ;  for  the  least  soluble 
crystallizes  out  first, Tind  so  on  in  the  order  of  their  solubility,  the 
most  soluble  last.    This  method  of  separation  is  called  "fractional 

crystaltizalion." 

Some  substances  are  insoluble  in  the  usual  solvents ;  hence 
saline  solutions  must  be  employed.  Thus,  mercuric  iodide  may 
be  obtained  in  beautiful  prisms  oy  crystallizing  it  from  a  solution 
of  common  salt;  this  is  called  "intermediate  cryttallization." 


Every  crystal  has  a  hypothetical  center  point ;  around  this,  the 
formation  takes  place  witn  development  of  the  different  facesand 
planes.  It  is  rare  to  find  all  the  faces  of  a  crystal  fully  developed. 
Crystals  with  deficient  faces  may  be  developed  by  "growing,^' 
that  is,  by  suspending  them  by  a  thread  in  a  concentrated  solu- 
tion of  the  salt,  or  laying  them  on  the  bottom  of  the  vessel,  with 
the  deficient  face  up  (Figs,  235,  236), 

Certain  substances  do  not  crystallize,  but  when  concentrated 
and  spread  out  on  glass  in  thin  layers  they  drj',  forming  thin 
transparent  scales.  These  are  often  mistaken  for  crystals.  As 
examples  of  these  scale  compounds  we  have  pejain,  citrate  or 
tartrate  of  iron,  etc. 

4th.  Formation  of  Orystah  by  Precipitation  or  Chemical  Inter- 
adion. — This  can  scarcely  be  considered,  from  the  standpoint  of 
inoi^anic  chemistrj',  as  a  method  of  crystallization,  inasmuch  as 
the  product  obtained  is  thrown  out  of  solution  by  mechanical  or 
chemical  means,  usually  yielding  precipitates  of  a  granular  nature 
(see  Precipitation,  Granulation).         In  crystallizing  many  organic 
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compounds,  it  i3  necessary  to  alter  the  menstruum  after  solution 
has  been  effected.  For  instance,  let  ua  assume  that  we  have  an 
organic  body  which  13  extremely  soluble  in  alcohol,  and  only 
partly  soluble  or  insoluble  in  ether.  Now  in  order  to  facilitate 
crystallization,  we  may  add  a  little  ether  to  the  alcoholic  solution, 
thus  producing  a  sufficient  alteration  in  the  solvent  power  of  tho 
menstruum,  to  facilitate  the  formation  and  deposition  of  crystals. 
Crystallization,  as  the  result  of  chemical  interaction,  is  often 
brought  about  by  bringing  together  solutions  of  different  sub- 
stances. For  example,  on  bringing  together  two  inorganic  bodies, 
we  have  the  following : — 

2NH,a  +  PtCL  =  {NH.),PtCL 

AmmDnlum  Chloride.         PlUltilc  Chloride.  Aramooiuio  PhitlDo- 

Chloride. 

On  bringing  together  an  organic  and  inorganic  body  we  have  the 
following : — 

C,H.I       +       K8CN      =     C8  =  N  — C,H,     +       KI 
AUrl  Iodide.  PoiuKlum  AllTt«ulpb«:r*i»le         IVHwIum 

SulpbocfiDBle.  (Oil  of  MuMard).  Iodide, 

When  it  is  desired  to  crystallize  small  amounts  of  substances, 
from  an  aqueous  solution,  it  is  best  to  place  the  crystallizing 


vessel  in  a  desiccator,  which  facilitates  the  spontaneous  evapora- 
tion of  the  solvent. 

After  crystallization  has  taken  place,  the  vessel  is  inclined, 
to  facilitate  the  draining  off  of  the  mother  liquor  (Fig.  237). 
After  this,  the  crystals  are  thrown  into  a  funnel  (stopped  with 
cotton  or  glass  wool)  and  the  remaining  mother  liquor  allowed  to 
drain  off.  This  draining  may  sometimes  be  facilitated  by  pouring 
over  the  mass  some  liquid  in  which  the  crystals  are  not  soluble. 
AVe  occasionally  use  alcohol  for  this  purpose,  in  the  case  of  certain 
inorganic  salts.  The  crystals  are  iinally  dried  by  laying  them 
between  the  folds  of  filter  paper  or  on  porous  tiling. 

When  the  crystals  are  small,  forming  a  granular  mass,  they  are 
best  freed  from  mother  liquor  by  throwing  the  entire  mass  on  a 
perforated  porcelain  plate,  in  a  funnel,  and  draining  off  by  suction 
(see  page  182).    Large  quantities  of  crystals  are  drained  by  placing 


CRYSTALLIZATION,  151 

them  in  the  centrifugal  machine  (see  page  214).  Since  no  pres- 
sure is  here  employed,  the  structure  of  the  finest  crystalline  mass 
is  not  injured. 


EFFECT  OF  THE  SOLVENT  ON  CRYSTALLIZATION. 

Here  we  must  distinguish  between  several  cases : 
1st.  The  solvent  takes  no  part,  either  physically  or  chemically, 
in  the  crystallization.        Thus  ammonium  chloride,  potassium 
iodide,  and   potassium  sulphate  crystallize  from  their  aqueous 
solutions  free  from  water  of  crystallization. 

2d.  The  solvent  takes  part  in  the  formation  of  the  crystals,  in 
furnishing  crystal  water.  Thus  iii  the  formation  of  ferrous  or 
cupric  sulphate,  or  of  sodium  carbonate,  water  of  crystallization 
is  withdrawn  from  the  water  present.  We  have  examples  of  such 
salts  which  crystallize  with  different  proportions  of  water.  Sodium 
carbonate  is  capable  of  crystallizing  with  one,  five,  eight  or  ten 
molecules  of  water.  Glauber's  salt  crystallizes  with  ten  molecules 
of  water  of  crystallization  from  a  cold  solution,  and  from  hot 
water  with  seven  molecules,  or  in  an  anhydrous  condition,  accord- 
ing to  the  temperature.  Again  such  organic  substances  as  alka- 
loids and  glucosides,  may  crystallize  out  from  different  solvents, 
in  crystals  of  different  form,  each  form  being  characteristic  of  the 
solvent. 

Such  salts  give  up  their  water  of  crystallization  readily ;  and 
many,  such  as  sodium  carbonate,  ferrous  sulphate,  etc.,  give  up  a 
portion  of  their  water  on  exposure  to  the  air  (see  Efflorescence). 

3d.  The  solvent  plays  a  chemical  and  physical  part  in  the 
crystallization.  When  water  enters  into  the  chemical  consti- 
tution of  the  crystal,  it  is  called  " water  of  constitution"  while, 
when  it  merely  serves  for  the  formation  of  the  crystal  it  is  called 
"water  of  crystallizaiion."  The  water  of  constitution  is  not  lost 
by  mere  efflorescence,  but  only  after  subjecting  the  salt  to  pro- 
longed high  temperature. 

In  many  crystals,  particularly  those  of  the  tesseral  S3^stem, 
water  is  mechanically  enclosed  during  the  formation  of  the  crystal, 
and  is  called  "  interstitial  water ^  Such  crystals,  on  heating,  decre- 
pitaie,  from  the  explosive  force  of  the  minute  water  sacs,  as  they 
rupture  the  crystal.  As  examples  of  these  we  have  potassium 
chlorate  and  nitrate. 


CHAPTER   XIII. 

^'*N    -^,.  ORANT3BMPION. 


Granulation  is  disturbed  crystallization.  We  resort  to  this  pro- 
cess to  obtain  many  salts  in  a  convenient  form  for  dispensmg. 
It  also  often  adds  to  their  general  elegant  appearance.  For  many 
salts  this  is  a  process  of  purification.  The  solutions  of  very 
soluble  saltS)  sucn  as  potassium  carbonate  or  citrate,  or  sodium 
salicylate,  are  rapidly  concentrated,  and  then  slowly  evaporated 
to  dryness  on  a  water  bath  with  constant  stirring,  which  causes 
the  salt  to  separate  in  a  granular  form.  Ammonium  chloride  is 
thus  granulated,  having  first  undergone  purification  by  the  addi- 
tion of  water  of  ammonia  to  its  boiling  solution,  and  subsequent 
filtration.  When  evaporating  a  solution  to  dryness  for  the  pur- 
pose of  obtaining  a  granular  salt,  care  must  be  taken,  that  the 
powder  does  not  cake  on  the  bottom  of  the  dish.  Potassium  chlo- 
rate and  ferrous  sulphate  are  granulated  by  constantly  stirring 
their  supersaturated  solutions,  while  rapidly  cooling.  The  former 
is  soluble  in  1.7  parts,  and  the  latter  in  0.3  parts  of  boiling  water, 
while  in  cold  water,  the  former  is  soluble  in  16.7  parts  while  the 
latter  is  soluble  in  1.8  parts.     Ferrous  sulphate,  because  of  its 

freater  solubility  in  cold  water,  is  more  conveniently  granulated 
y  filtering  its  concentrated  solution  into  alcohol,  in  which  it  is 
insoluble.  These  granulated  or  granular  salts  should  be 
thoroughly  dried  before  being  introduced  in  bottles. 


GRANULAR  EFFERVESCENT  SALTS. 

These  are  prepared  by  thoroughly  mixing  dry  medicated  pow^- 
ders  with  dry  tartaric  acid  and  sodium  bicarbonate,  then  moist- 
ening the  mixture  with  alcohol  (or  any  menstruum  which  is  not 
a  solvent  of  the  constituents),  to  form  an  adherent  mass.  This 
is  then  forced  through  a  sieve  and  the  granules  dried  quickly  in  a 
current  of  dry  hot  air,  or  placed  in  a  hot  drying  closet.  It  may 
then  be  sorted  into  different  sized  granules  by  sifting.  These 
products  should  be  kept  in  hermetically  sealed  bottles. 
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Exsiccation  consists  in  depriving  crystalline  salts  of  their  water 
of  crystallization.  Such  salts  as  contain  a  lar^e  amount  of  crystal 
water,  as  potassium  alum  (45.5  per  cent.),  sodium  carbonate  (62.9 
per  cent.)  and  ferrous  sulphate  (38.8  per  cent.)  are  exsiccated  for 
the  purpose  of  reducing  their  bulk,  thereby  increasing  their  com- 
parative strength.  This  is  particularly  evident  in  preparing  pills 
which  may  contain  any  of  the  above,  for,  by  using  the  dried  salts 
we  reduce  the  difficulty  of  making,  as  well  as  the  size  of  the  pills. 
In  preparing  these  exsiccated  salts,  we  should  first  allow  them  to 
effloresce  in  a  warm  place,  after  which,  they  are  subjected  to  a 
strong  heat  under  constant  stirring  (they  melt  in  their  own  crystal 
water),  until  free  from  water ;  when  cold,  the  mass  is  powdered 
and  placed  in  dry  bottles.  These  anhydrous  salts,  when  dissolved 
in  water,  may  be  made,  by  evaporating  their  solutions,  to  assume 
their  original  crystalline  condition. 
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CHAPTER    XV. 

DEIilQUBSOENOE  AND  EFFLORESCENCE. 

Deliquescence  is  the  property,  possessed  by  many  salts,  of  ab- 
sorbing moisture  from  the  air.  Such  substances  should  be  kept 
in  well  closed  bottles  in  a  dry  place.  Efflorescence  is  the  property 
possessed  bjr  many  salts  when  they  are  exposed  to  the  air,  of 
gradually  giving  up  their  water  of  crystallization  and  becoming 
dry  and  powdery  on  the  surface. 


DELIQUESCENT 

SALTS  OR  SUBSTANCES. 

Acidam  Chromicnm. 

Potassa. 

AmmoDii  lodidum. 

**       cum  Calce. 

Nitras. 

Potassii  Acetas. 

**        Yalerianas. 

**       Carbonas. 

Anrii  et  Sodii  Chloridain. 

"       Citras. 

r4iflreina  Citrata. 

^^       Cyanidum. 

Calcii  Bromidam. 

"       Hypophosphis. 

''     Chloridam. 

''       Snlphis. 

Chloral. 

Soda. 

Ferri  Chloridam. 

So<lii  Hypophosphis. 

''    et  QainiDffi  Citraa. 

"    lodidum. 

Hyoscyaminff)  Hydrobromas. 

"    Nitris. 

Sulphas. 

Sparteinse  Sulphaa 

Lithii  Bromidam. 

Stroutii  Bromidam. 

**      Citras. 

**        lodidum. 

*•     Salicylas. 

Ziud  Bromidum. 

Magnesii  Citias  Grannlatus. 

"      Chloridum. 

Pepsinam. 

**      lodidum. 

Pilocarpine  HydrochloraH. 

All  granular  effervescent  salts. 

Phyaostigminn  Sulphas. 

EFFLORESCENT  SALTS. 

Acidnm  Citricam. 

Sodii  Arsemis. 

Cadmii  Salphas. 

*'    Acetas. 

Codeina. 

*'    Benzoas. 

Cupri  Acetas. 

"    Boras 

**     Salphas. 

**    Hyposulphis. 

Ferri  et  Ammonii  Sulphas. 

^*    Carbonas. 

Ferri  Salphas. 

'*    Phosphas 

Magnesii  Sulphas. 

'^    Sulphas. 

Plumbi  Acetas. 

Strychnine  Salts. 

PotASsii  Ferrocyanidum. 

Zinci  Acetas. 

Qainiue  Salts. 

**    Sulphas. 

EFFECTS  OF  THE  EXPOSURE  OF  CHEMICALS  TO  LIGHT  AND  AIR. 

Acidum  Hydrocyanicum  undergoes  decomposition,  depositing  a 
black  precipitate  which  may  be  prevented  Dy  the  addition  of  a 
little  hydrochloric  acid. 
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Acidum  Nitrohydrochloricum  decomposes,  losing  chlornitrous 
acid ;  it  should  be  kept  only  in  small  quantity,  in  partlj'^  filled 
bottles  in  a  dark  place. 

Acidum  Sulphuricum  rapidly  absorbs  moisture. 

Acidum  Sulphurosum  oxidizes  to  sulphuric  acid. 

Ammonii  Carbonas  loses  NHj  and  CO2,  and  becomes  bicar- 
bonate. 

Apomorphinse  Hydrochloras  turns  green,  indicating  partial  de- 
composition. 

Aqua  Chlori  decomposes  with  formation  of  hydrochloric  acid 
and  oxygen. 

Calx  Cnlorata  loses  chlorine,  absorbing  CO2. 

Calx  Sulphurata  loses  sulphuretted  hydrogen,  changing  to 
sulphate. 

Chloral  as  well  as  Camphor  are  slowly  volatilized. 

Iodides  or  bromides  of  arsenic,  ammonium,  iron,  mercury  (ous 
and  ic),  sodium,  strontium,  sulphur,  and  zinc,  lose  iodine  or 
bromine,  respectively. 

Magnesia  (calcined)  absorbs  CO2  and  becomes  carbonate. 

Magnesii  Sulphis  oxidizes  to  sulphate. 

Morphinae  Acetas  loses  acetic  acid. 

Napthalinum  slowly  volatilizes. 

Oleatum  Hydrargyri,  u.  s.  p.,  deposits  metallic  mercury. 

Physostigmine  salts  turn  red. 

Potassa  Sulphurata  forms  carbonate,  hyposulphite,  and  sulphate. 

Resorcin  becomes  colored. 

Silver  salts  are  all  decomposed  by  light  in  presence  of  organic 
matter. 

Sodii  Bisulphis  loses  sulphurous  acid. 

Santoninum  turns  yellow  on  exposure  to  light. 

Zinci  Acetas  loses  water  and  acetic  acid. 

Zinci  Phosphidum  oxidizes,  losing  phosphorus. 


CHAPTER    XYL 

PRECIPITATION. 

Precipitation  is  a  process,  by  which  one  or  more  substances 
which  have  previously  been  in  a  state  of  solution,  are  caused  to 
separate  out  in  an  insoluble  form.  The  substance  which  sepa- 
rates out  is  called  the  "precipitate  "  the  clear  liquid  above,  the 
"  mpernata)it "  liquid ;  the  substance  added,  the  "  precipitant ;"  and 
the  process,  "  precipitation^* 

Most  precipitates  fall  to  the  bottom  of  the  vessel,  because  they 
have  a  higher  specific  gravity  than  the  remaining  liquid.  Those 
which  are  light,  rise  (for  instence,  Pepsin),  and  some  may  remain 
suspended  throughout  the  liquid  for  a  long  time. 

The  various  causes  which  bring  about  precipitation,  are : — 

1st.  Change  of  Temperature, — By  boiling  a  solution  of  albumen 
or  lime  water,  we  cause  precipitation  (see  pages  129, 184).  If  we 
cool  a  hot  saturated  solution  of  potassium  chlorate,  a  precipitation 
or  separation  of  a  portion  of  the  salt  takes  place.  Changes  of  tem- 
perature often  cause  precipitation  to  take  place  in  Fluid  Extracts 
(see  page  269). 

2d.  Giange  in  Menstruum, — Any  substance  in  solution  is  pre- 
cipitated on  the  addition  of  a  miscible  fluid  in  which  it  may  be 
insoluble.  Such  inorganic  salts  as  ferric  and  cupric  sulphate  are 
precipitated  from  their  aqueous  solutions  on  the  addition  of 
alcohol.  Alcoholic  solutions  of  resinous  substances,  on  addition 
of  water,  separate  their  resin.  Ether  precipitates  sugar  from  alco- 
holic solution.  Chlorides  of  sodium  and  barium  are  precipitated 
from  their  concentrated  aqueous  solutions,  upon  the  addition  of 
concentrated  hydrochloric  acid. 

3d.  Chemical  Interchange. — When  the  precipitant  added  pro- 
duces a  chemical  change  among  the  substances  in  solution,  the 
result  depends  on  the  insolubility  of  a  new  compound  formed,  as 
when  sulphuric  acid  is  added  to  a  solution  of  barium  chloride, 
which  causes  the  production  of  insoluble  barium  sulphate.  The 
addition  of  soluble  potassium  iodide  to  a  solution  of  lead  acetate, 
produces  insoluble  lead  iodide.  If  the  solutions  are  cold,  the  pre- 
cipitate is  amorphous ;   if  hot,  crystalline. 

This  form  of  precipitation  is  applied  in  analytical  operations, 
as  well  as  in  the  manufacture  of  many  chemicals. 

4th.  Light. — This  causes  precipitation  in  the  solutions  of  many 
silver  compounds  in  the  presence  of  organic  matter  etc.,  also  to 
some  extent  in  some  pharmaceutical  preparations,  as  in  some 
Fluid  Extracts,  etc. 
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Precipitation  may  have  for  its  object  : 

1st.  To  obtain  the  substance  in  as  fine  a  powder  as  possible. 
Examples :    Precipitated  chalk  or  magnesium  carbonate. 

2d.  To  remove  impurities.  Iron  is  removed  from  calcium 
chloride  by  precipitation  with  calcium  hydrate ;  from  zinc  chlo- 
ride solution  by  precipitation  with  zinc  oxide.  An  impure 
sodium  acetate  is  freed  from  sulphuric  acid  by  the  careful  addi- 
tion of  barium  acetate,  etc. 

3d.  To  obtain  new  chemical  compounds;  for  instance  lead 
iodide  and  mercuric  iodide,  ammoniated  mercury,  bismuth  sub- 
carbonate  and  subnitrate,  etc. 

4th.  The  qualitative  and  quantitative  determination  of  sub- 
stances. In  analytical  chemistry,  we  identify  and  separate  the 
various  groups  by  means  of  different  precipitating  reagents.  We 
also  ascertain  the  quantitative  composition  of  dif^rent  bodies,  by 
the  precipitation  and  subsequent  weighing  of  the  various  con- 
stituents. 

As  to  their  appearance,  precipitates  are  designated  as : 
Crystalline  —  produced,  for  instance,  by  the  cooling  of  hot  satur- 
ated solutions  of  salts. 
Amorphous  —  produced,  for  instance,  by  precipitation  of  ferric 

chloride  by  alkalies. 
Granular      — produced,  for  instance,  by  addition   of   alcohol 

to  a  concentrated  aqueous  solution  of  ferrous 
sulphate. 
Curdy  — produced,  for  instance,  by   addition   of   hydro- 

chloric acid  to  a  solution  of  silver  nitrate. 
Flocculent    —  produced,  for  instance,  by  precipitation  of  albu- 
men with  alcohol. 
Gelatinous    —  produced,  for  instance,  by   addition  of  collodion 

to  carbolic  acid. 
Magma         — is  a  pasty  mass  resulting  from  the  straining  or  fil- 
tering of  an  amorphous  precipitate  retaining 
water  mechanically.      Examples,  ferric  hy- 
drate, aluminum  hydrate. 
Hot,  dense  solutions,  yield  dense  precipitates. 
Cold,  dilute  solutions,  yield  light  (diffusible)  and  often  crystal- 
line precipitates. 

Dense  precipitates  are  more  easily  washed,  for  they  subside 
readily  and  admit  of  being  washed  by  decantation. 

Orystalline  Precipitates. — In  many  operations,  we  aim  to  obtain 
the  precipitated  body  in  a  so-called  crystalline  condition,  for  the 
purpose  of  facilitating  its  separation  and  subsequent  purification. 

For  example,  we  cause  calcium  carbonate  (precipitated  chalk) 
and  barium  sulphate  to  be  precipitated  from  hot  solutions.  This 
causes  these  compounds  to  form  dense  and  crystalline  precipitates, 
which  are  then  easily  removed  and  purified. 
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On  mixing  cold  solutions,  the  precipitate  formed  will  usually 
be  crystalline  and  of  greater  purity;  the  solutions  should  be 
mixed  slowly  and  with  constant  stirring.  The  precipitate  will  be 
denser,  if  it  is  allowed  to  stand  at  least  twenty-four  hours  in  the 
liquid.  Example :  On  adding  cold  "  magnesia  mixture  "  to  a  cold, 
weak  solution  of  a  phosphate,  a  crystalline  precipitate  will  gradu- 
ally form,  consisting  of  the  double  salt  ammonium-magnesium 
phosphate.  Light  magnesia  (MgO)  is  made  from  the  light  car- 
bonate, which  is  made  by  reaction  between  cold  solutions  of  sodium 
carbonate  and  magnesium  sulphate.  Heavy  magnesia  is  made 
from  the  heavy  carbonate,  which  is  made  by  reaction  between  hot 
solutions  of  sodium  carbonate  and  magnesium  sulphate. 

Amorphom  Precipitates. — Amorphous  precipitates  (for  instance, 
hydroxides  or  sulphides  of  the  metals),  are  denser  and  separate 
more  rapidly  from  saline  solutions;  for  instance,  when  ammonium 
sulphydrate  produces  in  solutions  of  ferrous  salts  only  a  green 
color  of  ferrous  sulphide,  the  addition  of  ammonium  chloride 
causes  its  immediate  separation. 

In  order  to  obtain  the  hydroxides  of  aluminum  (AlaCOH)^)  and 
iron  (Fe2(0H)g),  the  precipitation  must  take  place  in  the  cold,  and 
in  very  dilute  solutions,  in  order  to  insure  a  finely  subdivided  pre- 
cipitate. Amorphous  precipitates  are  much  more  easily  washed 
in  this  finely  suodivided  condition.  Moreover,  in  the  case  of  the 
two  examples  quoted,  precipitation  must  be  effected  in  the  cold,  in 
order  to  obtain  the  precipitates  in  the  hydrated  condition  and  not 
as  oxyhydrates  (hot  solutions).  Upon  these  two  conditions  de- 
pends the  solubility  of  ferric  hydrate  in  solutions  of  the  organic 
acids  (preparation  of  scale  salts). 

In  quantitative  analysis  many  precipitates  (metallic  sulphides, 
hydroxides,  etc.)  are  thrown  down  from  boiling  solutions,  in  order 
to  render  them  as  dense  as  possible.  This  will  also  cause  them  to 
settle  rapidly,  so  that  they  may  be  washed  by  decantation ;  also 
this  facilitates  the  solution  of  the  soluble  salt  (impurity)  formed  by 
the  reaction,  which  must  afterward  be  removed  by  washing. 

The  order  in  which  these  solutions  are  added  to  one  another,  de- 
termines largely  the  purity  of  the  product,  and  the  ease  with 
which  it  is  afterwards  washed.  Hence,  we  should  add  the  solution 
of  ferric  chloride  to  the  diluted  ammonia  water,  otherwise  oxy- 
chlorides  may  be  formed. 

In  preparing  yellow  oxide  of  mercury,  we  pour  the  solution  of 
mercuric  chloride  into  the  solution  of  potassa,  for  if  the  operation 
is  reversed  we  obtain  red  oxychloride  of  mercury. 

In  analytical  operations  we  should  add,  for  instance,  the  barium 
solution  to  the  solution  of  the  sulphate  or  sulphuric  acid,  other- 
wise some  of  the  barium  salt  may  be  carried  down  with  the  pre- 
cipitated barium  sulphate. 

The  nature  of  the  precipitate  depends  on  the  conditions  under 
which  the  two  solutions  come  in  contact,  that  is,  which  of  the  two 
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remains  longest  in  excess.  If  we  pour  a  solution  of  mercuric 
chloride  into  r  solution  of  potassium  iodide,  so  that  the  latter 
remains  in  excess,  the  solution  remains  clear,  because  as  long  bs 
the  latter  remains  in  excess  the  mercuric  iodide  is  dissolved  as  fast 
as  formed.  If  we  reverse  the  order,  having  the  mercuric  chloride 
in  excess,  the  mercuric  iodide  is  likewise  dissolved.  It  is  only  by 
a  careful  regulation  of  the  proportions  that  success  is  obtained. 

Fractional  Precipitation  has  for  its  object  the  purification  of  sub- 
stances by  partial  precipitation.  For  this  purpose  the  precipitant 
is  added  only  in  small  portions  at  a  time,  each  precipitate  being 
removed,  before  a  further  portion  of  the  precipitant  is  added.  In 
these  different  fractions,  the  substance  may  be  found  in  different 
degrees  of  purity.  Thus  carbolic  acid  is  separated  from  the 
empyreumatic  resins  which  accompany  it,  by  adding  to  its  alka- 
line solution  an  acid,  in  small  portions  at  a  lime,  the  first  precipi- 


tations consisting  of  these  resinous  impurities,  while  the  later  ones 
contain  the  acid  in  pure  form.  AVe  may  thus  separate  salicylic 
acid  from  its  inert  isomers  by  fractional  precipitation  with  silver 
nitrate. 

In  carrying  on  precipitation,  it  is  necessary  that  the  liquid 
be  constantly  stirred  during  the  addition  of  the  precipitant:  this  is 
for  the  purpose  of  facilitating  the  contact  of  the  substances  dis- 
solved in  the  liquids,  also  to  prevent  the  precipitate  from  forming 
lumps,  which  might  enclose  particles  of  the  substance  yet  unacted 
upon.  With  the  exception  of  some  operations  in  analytical 
chemistry,  it  is  always  aavisable  that  both  solutions  be  well  diluted 
before  mixing. 

In  direct  precipitation,  the  precipitant  is  added  until  no  further 
precipitation  takes  place.    This  may  be  ascertained  by  allowing 
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the  precipitate  to  settle  away  from  near  the  surface  and  then  add- 
ing to  the  clear  supernatant  liquid  a  drop  or  two  of  the  precipi- 
tant, which  should  not  produce  any  further  turbidity. 

Precipitation  is  carried  on,  in  small  operations,  in  deep  beaker 
glasses  (Fig.  239),  or  in  the  so-called  ^^  precipitating  jar  "  (Fig.  240), 
the  latter  being  a  deep,  heavy  ^lass  vessel,  broad  at  the  bottom  and 
narrow  at  the  top.  This  enables  the  precipitate  to  settle  over  a 
lare;er  area  of  surface,  thus  assisting  the  operations  of  washing 
and  decantation.  On  the  large  scale  earthenware  jars  are  usually 
employed,  in  which  the  supernatant  liquid  may  be  drawn  oflf  by 
means  of  spigots  placed  at  dififerent  heights ;  wooden  tanks  are 
also  constructed  upon  the  same  principle. 


CHAPTEE  XVII. 

DEOANTATION. 

Decantation  is  the  act  of  removing  the  supernatant  liquid  from 
a  precipitate  or  sediment.*  We  usually  resort  to  decantation  in 
removing  the  clear  supernatant  liquid  from  a  precipitate  which 
may  be  deposited  by  tinctures  or  fluid  extracts  on  standing. 
It  is  an  expeditious  and  accurate  method  of  separating  soluble 
from  insoluble  matter,  when  conducted  with  due  care.  Decanta- 
tion is  employed  in  the  process  of  Elutriation,  where  the  lighter 
are  separated  from  the  heavier  particles  of  matter,  the  former 
being  suspended  in  the  upper  layers  of  the  mixture. 

By  "decantation  with  washing,"  is  understood  the  removal  of 
soluble  from  insoluble  matter  in  precipitates,  by  the  repeated 
affusion  and  withdrawal  of  water.  It  is  employed  in  those  cases 
where  a  large  quantity  of  a  heavy,  insoluble  precipitate  is  to  be 
washed,  requiring,  necessarily,  a  large  amount  of  water.  The 
precipitate  is  first  allowed  „      g.. 

to  settle;  the  supernatant 
liquid,  aft^r  it  has  become 
clear,  is  drawn  off;  then 
hot  or  cold  water  is  poured 
upon  the  precipitate,  with 
thorough  stirring.  It  is 
again  allowed  to  settle  and 
treated  as  before ;  this  oper- 
ation is  continued,  until  all 
foreign  soluble  matter  is 
removed. 

In  decanting  off  the 
supernatant  fluid,  it  is 
necessary  to  use  the  guid- 
ing rod  (Fig.  241),  other- 
wise, owing  to  adhesion, 
the  liquid  will  run  down 
the  side  of  the  vessel  (Fig. 
242).     If  due  care  is  taken, 

not  a  drop  of  the  liquid  ^^         ihr  idi    md 

need  be  lost.    When  the  tii  od  w  i     u    ng- 

form  of  the  vessel,  or  the  quantity  of  the  liquid,  admits  pouring 

*  A  Sedlmtnl  comliiU  Of  nlld  muter,  which  li  depnitad  bj  fonw  of  gnyUj,  Iwom  iwliiUans  iId 
vhfch  It  wan  8Uflpen<ledt  An  nlinillnz. 

A  Prwfnttnteconsl.lsnf  solid 
the  imniedlate  result  or  ■  tsart 
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off  without  a  guiding  rod,  'the  outside  of  the  lip  or  edge  of  the 

vessel  should  be  slightly  greased ;  this  prevents  the  adhesion  of 

the  liquid,  and  its  running  down  outside.     Decantation  may  be 

more  expeditiously  and  thor- 

^"*'      '  oughly  effected  by  means  of 

the    siphon   (Figs.   244,   245). 

This  is  a  glass  tube,  bent  at  an 

angle  of  about  60°,  or  bent  at 

two  right  angles,  having  one 

of  the  limbs  longer  than  the 

Mother.     It   is   first  started  by 

filling  it  with  fluid,  while  in- 

I  verted    like    a    A ;    then   the 

!  longer  extremity  being  tightly 

closed    with    the    finger,  the 

'  shorter  end   is   immersed   in 

;  the   liquid,  with    the   longer 

*  arm  extending  outside,  below 

the  level  of  the  liquid.    On 

removing  the  finger,  the  flow 

^  ,     „ ,  „  of    liquid    commences.      Bv 

lowermg  the  inner,  shorter 
arm,  the  liquid  may  be  almost  entirely  drained  off.  Fig.  246 
illustrates  a   form   well   adapted   to   siphoning   off    volatile   or 


caustic  liquids;  the  siphon  a,  b,  is  fitted  tightly  through  the 
cork  k,  through  which  also  a  mouth-piece,  c,  extends  to  just  below 
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the  cork.  By  blowing  air  in  at  c,  the  liquid  is  forced  out  through 
the  siphon,  which  may  be  raised  or  lowered,  according  to  the 
height  of  the  precipitate.     The  same  principle  is  applied  in 

FiO.  M4.  Fig.  245, 


drawing  off  acids,  in  which  the  air  may  be  forced  in,  by  means 
of  a  rubber  bulb. 

Fig.  247  illustrates  another  form  of  siphon  which  can  be 
started  by  suction  without  danger  or  accident.    The  finger  is 


placed  over  the  end  of  the  long  limb,  or  the  stop-cock  tem- 
porarily turned  off,  and  suction  applied  at  the  mouth-piece 
of  the  curved  lateral  tube,  until  the  current  is  started. 
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Ill  analytical  operations,  we  usually  wash  precipitates  first  by 
decaDtation,  pouring  the  decanted  liquid  through  the  plain  Jilter, 
to  avoid  any  possible  loss  of  substance,  then  by  means  of  the  tip 
of  a  feather  (rig.  248),  or  a  small  glass  rod  tipped  with  a  smaQ 
piece  of  rubber-tubing,  any  particles  of  the  precipitate  that  may 
P      248  ^®  adhering  to  the  sides  of  the 

.  beaker,  are  brushed  down,  and 

m  the  entire  mass  carefully  trans- 

\  Fia.  249. 


ferred  to  the  filter,  the  beaker  being 
several  times  rinsed  with  boiling  (or 
cold)  water,  the  feather  or  tipped  rod 
being  used  to  remove  any  adhering 
particles.  The  precipitate  is  further 
washed,  dried  or  ignited,  and  then 
weighed. 

Pipettes. — For  removing  small  quanti- 
ties of  a  supernatant  liquid  from  pre- 
cipitates, where  the  amount  is  not  suffi- 
cient for  siphoning,  decantation  is  very 
difficult  witliout  entailing  loss;  hence 
we  employ  the  pipette  (Fig.  249),  This 
consists  of  a  long  glass  tube  of  small 
diameter,  near  the  middle  of  which  is 
usually  blown  a  globular  or  elongated 
bulb,  the  lower  tip  being  tapered  out  to 
a  small  opening.  The  tip  of  tliis  is  in- 
serted into  the  liquid  to  be  drawn  off, 
and  by  suction,  it  is  drawn  up  into  the 
bulb;  when  filled,  the  upper  end  is 
quickly  closed  with  the  finger,  or  if  a 
rubber  tube  be  used  (Fig.  297),  closed 
by  pinching.  nvnum. 

tig.  250,  illustrates  a  suction  ar- 
rangement which  can  be  applied  to  any  pipette;  this  consists  of  a 
glass  tube  (closed  at  one  end),  which  fits  closely,  yet  slides  easily 
over  the  stem  of  the  pipette ;  an  air-tight  joint  is  formed  by  a 
short  piece  of  rubber  tubing,  which  fits  over  the  extremities  of 
the  outer  tube  and  the  stem  of  the  pipette,  then  by  raising  or 
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lowering  this  outer  tube,  the  liquid  may  be  drawn  up  into,  or 

discharged  from  the  pipette. 

Pipettes  are  also  graduated  for  the  purpose  of  draining  off 
measured  quantities  of  Quids. 

Wash  Boitle  or  Spritz  Bottle. — In  the  various  operations  of  rins- 
ing and  washing  of  precipitates,  the  "wash  or  spritz  flask" 
is  employed.  This  consists  of  a  flat-bottomed  flask  (Fie. 
251)  fitteJi  with  a  rubber  stopper,  having  two  holes,  througii 
which  pass  two  glass  tubes.  The  tube  a,  extending  slightly 
below  tne  cork,  is  the  mouth-piece  for  forcing  in  the  air,  and 
this  is  tipped  with  a  nietje  of  rubber  tubing.  The  tube  b,  d,  is 
for  tne  ejection  of  water.  Tbe  tip  b  is  drawn 
Fin.  aw.  out  to  a  point,  to  allow  the  passage  of  a  fine 
^^  stream  of  water;  this  tip  is  connected  with  the 

Fig.  2S1. 


WuborSpr1li>~tuk. 


main  tube  c,  by  means  of  a  short  piece  of  rubber  tubing  at  /, 
which  arrangement  enables  the  operator  to  direct  the  stream  of 
water  in  any  direction,  without  altering  the  position  of  the  flask. 
Around  the  neck  at  c  is  wound  heavy  cord,  to  enable  the  operator 
to  handle  the  flask  when  liot.  If  a  continuous  stream  of  water  is 
desired,  the  flow  is  started  by  blowing  through  the  mouth-piece; 
then  the  latter  is  quickly  closed  by  forcing  the  thumb  against  the 
end  of  the  tube  a. 

Automatic  or  Continuovs  Washing  of  Precipitates. — For  this  pur- 
pose there  are  a  number  of  contnvances,  answering  also  for  the 


J 
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continuous  filtration  of  large  quantities  of  liquids.  Fig.  252 
illustrates  a  convenient  form,  in  whieli  the  flask  containing  the 
wash-water  is  inverted  over  the  funnel.  Through  the  perforated 
cork  of  the  flask  extend  two  bent  tubes  (Fig.  253).  The  end  b 
must  reach  higher  than  c  or  d ;  and  d  must  extend  farther  than  c. 
Wlien  placed  over  a  funnel,  the  tip  o  should  reach  below  the  sur- 
face of  liquid.  As  soon  as  the  level  falls  below  a,  air  enters  at  6, 
which  admits  a  fresh  supply  of  water  until  the  end  of  the  tube  a  is 
again  immersed. 

Another  form  is  that  devised  by  Gay-Lussac  (Fig.  254).    Instead 


Fia.  352. 


Fig.  254. 


AutomMlc  Filtering  uid  Wishing  Appmtiu. 

of  a  bottle  having  two  necks  as  illustrated,  a  single-necked  bottle 
may  be  used  as  well.  Through  a  tightly  fitting  cork  two  tubes 
are  inserted,  one  of  which  is  short  and  straight  and  serves  as  air 
tube,  while  the  other  (siphon)  is  bent  so  that  one  arm  extends 
below  the  level  of  the  bottom  of  the  bottle,  the  tip  (at  a)  being 
curved  upward.  Through  c  air  is  blown  until  the  liquid  rises  in 
the  funnel,  above  the  mouth  of  the  tube  a.  When  the  tube  t,  a, 
is  once  filled,  the  siphon  supplies  the  filter  mechanically,  for  as 
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Boon  as  the  level  falls  below  a,  air  is  admitted  through  the  tube  c 
and  causes  the  funnel  to  fill  again. 

An  arrangement  as  shown  in   Fig.  255  answers  well  for  the 
filtration  of,  or  washing  with,  volatile  liquids.    In  this,  the  bottle, 


A,  must  be  of  such  size  as  to  fit  well  over  the  top  of  the  funnel, 
the  neck  extending  down  some  distance.  The  funnel,  T,  (with 
filter)  is  placed  over  the  bottle,  and  then  without  separating 
the  two,  the  funnel  is  placed  into  tlie  neck  of  the  receiving  flask, 

B.  The  cord,  /,  serves  to  allow  space  for  the  escape  of  air. 
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COLATION. 

CoLATios  or  straining  is  the  process  of  rapidly  separating  pre- 
cipitates and  all  kinds  of  suspended  matter  from  Buids,  by  means 
of  pouring  them  upon  a  cloth  or  other  porous  fabric.  We  emplov 
this  method,  for  the  separation  of  mechanical  impurities  of  all 
kinds,  particularly  in  those  cases  where  rapid  filtration  is  required, 
and  where  the  solid  particles  to  be  removed  are  not  very  finely 
divided,  or  the  amount  of  precipitate  is  very  large. 

For  this  purpose  we  employ  as  filtering  media,  felt,  flannel, 
cotton  Sanuel,  muslin,  gauze,  etc.    The  felt  strainer  being  made 
of  wool,  is  in  the  form  of  seamless 
Flo.  256.  conical  bags;  it  forms  an  excellent 

strainer  for  oils,  melted  fats,  honey, 
etc.  Inasmuch  as  they  are  difficult 
to  cleanse  they  should  always  be  em- 
ployed for  straining  the  same  mate- 
rial. In  place  of  this,  the  woolen 
flannel  strainer  answers  just  as  well ; 
when  over-seamed,  they  last  a  long 
time,  and  have  the  advantage  that 
they  are  more  easily  cleansed ;  they 
are  suspended  from  frames  as  shown 
in  Fig.  256.  While  straining  syrup 
orhoney,thestrainershouldbelmng 
in  a  warm  place  free  from  draughts. 
Canton  or  cotton  flannel  and  muslin 
form  the  cheapest  materials,  and  are 
most  generally  employed.      Before 


using  them,  they  should  be  well  washed  in  boiling  water,  to  re- 
move any  soluble  matter  that  may  have  been  used  in  calendering. 
108 
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These  strainers  are  then  3us[>ended  from  the  comers  of  the  strainer 
frame  (Fig.  257)  which  may  be  supported  by  a  clamp,  or  placed 
directly  over  a  vessel.  After  moat  of  the  liquid  has  drained 
through,  and  if  the  amount  of  precipitate  is  large,  the  strainer 
should  be  removed  from  the  frame  by  gathering  it  in  along  the 
sides,  as  shown  in  Fig.  258,  and  then  the  retained  liquid  should 
be  forced  out  by  a  twisting  motion.     When  the  amount  of  sus- 


pended matter  is  small,  filtration  through  absorbent  cotton  an- 
swers all  purposes.  Each  strainer  or  straining  material  should 
always  be  moistened  before  it  is  used.  Should  the  fluid  which 
first  passes  through  not  be  perfectly  clear,  it  should  be  returned  to 
the  strainer  until  the  precipitate  has  filled  the  meshes  of  the  cloth, 
when  the  liquid  will  flow  through  clear.  If  a  clear  liquid  cannot 
be  obtained  in  this  manner,  the  strained  liquid  must  subsequently 
be  filtered  through  paper  or  other  suitable  medium. 


CHAPTER  XIX. 

FILTRATION. 

Filtration  is  the  process  of  depriving  liquids  of  solid  or  sus- 
pended matter,  by  passing  them  through  some  porous  medium, 
which  allows  only  the  passage  of  the  fluid  ;  the  clear,  transparent 
liquid  which  flows  through  is  called  the  "  filtrate."  For  filtering 
purposes,  we  employ  filter-paper,  absorbent  cotton,  asbestos,  spun 
and  ground  glass,  charcoal,  etc.  When  filtration  is  applied  to 
viscous  liquids,  such  as  syrups,  mucilage,  honey,  etc.,  for  the  pur- 
pose of  removing  mechanical  impurities,  it  is  called  straining. 

When  we  separate  a  heavy  precipitate  from  a  fluid,  with  which 
it  is  mixed,  by  draining  through  muslin,  we  call  the  process 
eolation. 

Filter  Paper. — This  consists  of  unsized  paper  of  loose,  texture, 
which  is  to  be  had  either  in  square  or  circular  sheets.  It  is  an 
essential  requisite,  from  a  pharamaceutical  point  of  view,  that  the 
filter  paper  used  should  be  prepared  from  clean  materials.*  For 
this  reason  as  well  as  another  presently  to  be  mentioned,  the  gray 
filter  paper,  which  is  the  cheapest  in  the  market,  should  not  be 
used  for  filtering  pharmaceutical  preparations.  This  sort  of 
paper  almost  always  contains  iron,  lead,  lime,  starch  and  coloring 
matter,  the  presence  of  which  at  once  precludes  its  use  for  filter- 
ing solutions  of  sensitive  chemicals,  such  as  iodide  of  iron,  hydrio- 
dic  acid,  iodine,  etc.  Aside  from  tiie  color  imparted  by  gray 
paper  to  preparations  which  are  filtered  when  hot  (for  instance^ 
magnesium  citrate  solution),  they  also  acq^uire  a  disagreeable 
taste,  due  to  the  presence  of  organic  impurities  contained  in  the 
paper.  For  all  purposes,  the  white  paper  of  the  various  standard 
brands  f  (German,  Swedish,  French)  should  be  used.  A  thick 
paper  of  compact  texture  will  be  found  to  give  the  best  satisfac- 
tion in  most  cases.  The  different  makers  prepare  a  great  variety 
of  filter-papers  adapted  to  all  kinds  of  work.  There  is  filter- 
paper  of  a  dense  close  texture  for  removing  fine  suspended  matter; 

*  According  to  Dr.  Lardier,  the  gray  filter  paper  usually  employed,  is  made  from  caAt-ofT  rags  of  the 
filthiest  sort,  without  any  previous  dlHinfec^tion.  It  therefore  contains  enonnouH  <^uantities  of  bac- 
teria, which  are  apt  to  pass  into  the  filtrate,  and  are  capable  of  coo  verting  medicinal  preparations 
into  **  culture  fluids  "  for  myriads  of  these  organisms. 

f  The  most  suitable  paper  for  general  pharmaceutical  purposes  is  Schleicher  and  8chUlI*s  Nos. 
595,  597  and  598.  The  595  is  a  light,  while  the  597  and  598  are  heavy  papers ;  the  first  of  these  is  best 
,adapte<l  for  filtering  tinctures,  spirits,  etc,  while  the  latter  two  are  more  suitable  for  the  rapid  and 
cU'^r  filtration  of  aenser  fluids.  For  filtering  syrups,  fruit>-juices,  oils  of  all  kinds,  etc.,  a  paper  of 
thick,  loose  texture  is  necewuiry ;  this  will  be  found  In  Nos.  684,  586  or  591 ;  the  larger  sizes  or  these 
are  sold  with  parchmentized  points,  so  an  not  to  break  under  the  pressure  of  a  heavy  column  of  liquid. 
For  quantitative  purposes  {i.  e.  quantitative  analysis),  Schleicher  and  SchUll's  589,  and  590,  or  Munk- 
tell's  No.  1  Sweflish,  or  the  Prat-Duraas  French  fifter  paper  are  the  best.    Messrs.  Schleicher  and  SchiUi 

Sreparo  a  hardened  filter  paper  (No.  575)  which  possesses  even  in  a  damp  state,  a  hardness  and 
urability  which  almost  equals  parchment.    This  is  specially  adapted  for  pressure  filtration,  also  for 
the  collection  or  removal  of  moist  precipitates. 
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paper  of  loose  texture  for  the  rapid  filtration  and  removal  of 
coarser  particles ;  then  paper  of  such  a  texture  as  to  admit  the  easy 
filtration  of  syrups  and  oils.  A  very  useful  toughened  fiXiei  paper 
is  to  be  had  in  the  market,  which  is  made  by  drawing  ordinary 
white  filter  paper  through  nitric  acid  (sp.  gr.  1.42),  and  then 
immediately  washing  with  water.  The  paper  shrinks  somewhat 
and  can  be  washed  and  rubbed,  just  like  linen,  without  losing  its 
filtering  properties. 

Another  form  of  filter  paper  is  that  in  which  linen  threads  are 
interwoven  throughout,  thua  strengthening  the  tissue  and  pre- 
venting its  rupture,  which  often  occurs  with  the  ordinary  filter 
paper,  when  the  operator  pours  a  quantity  of  liquid  too  suddenly 
into  the  filter. 

For  analytical  purposes,  it  is  necessary  to  select  a  paper  that 
will  not  only  retain  the  finest  suspended  matter,  but  which  will 
also,  when  burned,  yield  the  smallest  possible  amount  of  ash.  In 
view  of  this,  it  is  necessary  that  the  paper  be  of  a  very  close 
texture  and  yet  not  impede  filtration;  further,  it  is  necessary 
that  not  more  than  traces  of  inorganic  matter  be  present.  These 
inorganic  constituents  (silica,  alumina,  oxides  of  iron  and  calcium) 
are  always  present  in  ordinary  white  filtering  paper,  but  may 
be  removed  therefrom  by  washing  with  a  diluted  mixture  of 
hydrochloric  and  hydrofluoric  acids. 

Plain  and  Folded  Filters. — In  pharmaceutical  and  chemical 
operations  we  employ  both  the  "p/am"  and  the  "/oZdcd "  filter. 
Each  form  has  its  specific  uses. 

The  Plain  Filter  is  employed  in  all  operations  where  a  precipi- 
tate is  to  be  collected  or  subjected  to  washing.  The  filter  is  made 
by  folding  the  square  piece  S  (Fig.  260)  along  a- 6,  forming  the 
triangle  T  (Fig.  261),  which  is  again  folded  along  the  dotted  line 
forming  the  triangle  U  (Fig.  262),  this  is  rounded  by  cutting  along 
g-h  (in  round  filter  paper  not  necessary),  it  is  then  laid  open  in 
conical  form  as  shown  in  Fig.  263.  A  still  better  method  is  to 
fold  the  sheet  along  a-6,  as  shown  in  Fig.  265,  then  along  e-f 
(Fig.  266),  forming  thereby  a  square,  as  shown  in  Fig.  267,  this 
is  then  rounded  by  cutting,  as  shown  in  Fig.  262.  Then  by 
holding  it  in  position  with  the  finger,  it  is  well  moistened  with 
water  or  alcohol,  according  to  the  nature  of  the  liquid  to  be 
filtered,  and  by  gently  patting  with  the  finger,  the  filter  is  made 
to  fit  the  sides  of  the  funnel  closely.  This  precaution  must  be 
observed,  particularly  in  analytical  operations,  to  avoid  the  risk 
of  washing  particles  of  the  precipitate  down  between  the  sides  of 
the  filter  and  funnel.  In  some  operations,  a  double  filter  is 
employed,  in  which  case  two  plain  filters  are  taken,  one  being 
placed  inside  of  the  other,  so  that  there  will  be  four  folds  to 
each  side. 

For  the  economical  use  of  expensive  paper  for  analytical  pur- 
poses, Edo  Classen  recommends  cutting  the  filter  in  half  and  fold- 
ing as  illustrated  in  the  diagram  (Fig.  264).     It  is  obvious  that 
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this  will  answer  for  pharmaceutical  work  in  all  cases  which  allow 
or  require  the  use  of  a  plain  filter. 

When  it  is  necessary  to  remove  a  precipitate  from  the  filter  after 

Fro.  960. 


Folding  FI1  Lcn. 


drying,  as  in  opium  assay,  a  special  paper  with  ahardened  smooth 
surlace,  which  can  be  had  in  the  market,  may  be  used  for  this 
purpose. 

Fi«.  284. 

IV- 


The  Plaited  Filter. — For  general  pharmaceutical  purposes,  whpn 
the  precipitate  is  not  the  desired  object,  for  instance,  in  filtering 
tinctures,  solutions,  etc.,  the  plaited  filter  is  employed,  becajise, 
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owing  to  its  numerous  folds,  it  increases  the  rapidity  of  filtration. 
The  filter  paper  (round  or  square)  is  folded  along  the  line  a-6 
(Fig.  265),  and  then  along  e-f  (Fig.  266),  resulting  in  the  square 
(Fig.  267);  this  is  then  folded  along  c'-/,  forming  a  triangle 
(Fig.  268) ;  this  triangle  is  folded  along  the  lines  g-f'\  forming  an 
elongated  short-based  triangle  (Fig.  269).    This  is  opened  to  a 

Fig.  265. 
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*  


Fig.  267. 


Fig.  268. 


Fig.  269. 


Fig.  271. 


Folding  Filten. 

rectangle  (double)  as  shown  in  Fig.  270 ;  or  proceed  thus :  after 
folding  to  the  form  shown  in  Fig.  267,  open  out  as  shown  in  Fig. 
266,  then  taking  the  lower  corners  of  the  edges  d  and  e,  fold  them 
over  so  as  to  meet  at  e,  thus  forming  a  triangle,  this  is  then  laid  open 
and  each  of  the  four  triangles  formed  by  the  creasing,  is  again 
creased  along  the  middle  by  bringing  the  sides  together  (inward)  in 
the  same  manner;  this  when  laid  out  presents  the  appearance  of 
Fig.  270,  the  folds  or  creases  all  being  bent  the  same  direction,  that 
is  inward ;  then  beginning  at  the  triangle  d-f-Xy  make  a  fold  along 
the  middle  of  each  of  the  triangles  {fi-fk-fi-fm,  etc.),  bending  the 
paper  back  on  itself  in  triangular  form.    When  completed,  it  pre- 
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sents  the  appearance  as  in  Fig.  271  (cut  off  at  t-t);  and  when 
opened  out,  it  appears  aa  shown  in  Fig.  272. 

If,  by  means  of  a  magnifying  glass,  we  examine  the  structure 
of  a  piece  of  filter  paper  or  filtering  cloth,  we  will  see  that 
it  is  made  up  of  fine  nairs  or  fibres,  loosely  interlaced,  with 
spaces  of  considerable  size  between.  These  holes  are  quite  large, 
as  compared  with  the  size  of  the  particles  of  the  precipitates  we 
attempt  to  remove  from  fluids.  Hence  in  many  operations  it  is 
necessary  to  return  the  first  portions  of  the  filtrate,  until  sufficient 
of  the  moist  precipitate  has  collected  on  the  skeleton  of  the  paper 
or  cloth  to  reduce  the  diameter  of  the  pores  or  interstices,  after 
which  only  the  fluid  portion  will  pass  tiirough.  The  paper  or 
cloth  simply  forms  a  framework,  on  which  the  precipitate  builds 
its  own  filter  bed. 

Liquids  containing  mucilaginous  or  starchy  matter  which  refuse 
to  pass  the  filter,  owing  to  the  deposit  thereon  of  mucilage,  are 


Flailed  Fllwr. 


best  managed  by  first  straining  through  some  coarse  material, 
such  as  haircloth,  which  removes  most  of  this  matter,  after  which 
they  may  be  filtered  in  the  usual  manner. 


MAXIMS  TO  BE  OBSERVED  IN  FILTERmG. 

In  plaiting,  care  should  be  taken  not  to  extend  the  folds 
entirely  to  the  apex,  but  to  leave  about  half  an  inch  uncreased  ; 
otherwise,  through  the  creasing,  the  apex  may  become  weakened. 

Before  pouring  the  liquid  upon  the  filter,  the  latter  should  be 
well  moistened  with  water,  alcohol,  or  diluted  alcohol,  as  the  case 
may  be. 

The  filter  paper  should  never  extend  above,  but  should  always 
end  slightly  neiow,  the  upper  edge  of  the  funnel. 

In  filling  a  filter,  the  liquid  should  be  poured  in,  in  a  slow- 
stream,  near  the  upper  edge,  where  the  force  will  be  exhausted  on 
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the  side  of  the  filter,  and  not  be  brought  to  bear  on  the  apex 
(Figs.  273,  274). 

If  the  liquid  contains  a  very  fine  precipitate,  or  is  dense  or  hot, 
a  double  filter  should  be  employed. 


The  tip  of  the  stem  of  the  funnel  should  touch  the  side  of  the 
beaker  or  dish  in  which  the  filtrate  is  to  be  received.  This 
hastens  the  flow  of  the  filtrate  and  avoids  any  splashing. 


When  filtering  into  a  bottle  or  flask,  the  funnel  should  be 
placed  in  the  ring  of  a  filter  stand  (Figs.  275,  276);  or,  when 
placed  directly  into  the  flask,  sufficient  apace  should  be  provided 
for  the  escape  of  air,  which  would  otherwise  be  imprisoned,  and 
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cause  filtration  to  cease  for  a  time.  This  may  be  provided  for  by 
hanging  a  short  piece  of  a  string  or  a  folded  strip  of  paper  in  the 
neck  (Fig.  277),  or  by  introducing  a  glass  tube  between  the  filter 
and  funnel,  reaching  down  into  its  neck. 


Fia.  2TO. 


FlIMilng  iulo  Bolllo.  Cbemlau'  CoTer. 

In  filtering  volatile  liquids,  the  funnel  should  always  be  covered, 
either  with  a  weU-fitting  plate  of  glass,  or,  better,  with  a  rubber 
cover  (chemists'  cover),  provided  the  liquid  does  not  act  on 
rubber. 

Funnels. — A  funnel  is  a  conical- 
shaped  utensil,  the  apex  of  which  is 
terminated  by  a  long  stem  or  tube. 
They  are  used  to  assist  in  pouring 
fluids  into  narrow-mouthed  receptacles 
and  for  the  purposes  of  filtration.  In 
a  properly  snaped  funnel,  the  sides 
should  be  so  inclined,  that,  when  meet- 
ing at  the  neck,  they  form  an  angle  of 
00°  (Fig.  279).  The  outer  lines  at  the 
junction  of  the  sides  and  neck  form  an 
angle  of  150°.  The  funnels  d  and  e 
(Fig.  280)  are  poorly  shaped  ;  in  d,  the 
angle  of  the  sides  is  too  sharp  ;  in  e,  the 
neck  fails  to  form  a  sharp  angle  with 
the  sides.*  The  end  of  the  stem  of  the  funnel  should  be  cut  off 
diagonally,  which  facilitates  the  discharge  of  the  filtrate. 

Funnels  are  constructed  of  glass,  porcelain,  earthenware,  so- 
called  agate  or  granite  ware,  iron,  tinned  iron  ("  tin  "),  copper, 
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hard  rubber,  etc. ;  each  has  its  own  particular  ai)plicatioD.  Copper 
is  employed  for  liquors  and  neutral  liquids,  tinned  iron  for  oils, 
enameled  ware  or  earthenware  for  hot  caustic  liquids.     With 


Proper  uid  Paullj  Shaped  Funnels. 

usage,  the  enameling  is  apt  to  chip  off  and  expose  the  iron 
surJace,  which    rusts    readily.     The   earthenware  or  porcelain 
funnels  are  objectionally  clumsy  and  heavy.    Tin  wears  off  too 
readily  and  exposes  the  iron  underneath 
to  rust.    Hard  rubber  funnels  are  very  fiq,  281. 

light  and  durable,  but  are  objectionable 
because,  by  long  use,  the  inner  surface  be- 
comes rough,  and  particles  of  matter  find 
an  easy  lodging  place  and  are  very  diffi- 
cult to  remove,  hence  are  liable  to  con- 
taminate subsequent  filtrations.  For  gen- 
eral use,  glass  answers  best,  because  of  its 
transparency  and  cleanliness.  Funnels 
grooved  inside  (so  called  "  fluted  funnels  ") 
are  also  in  the  market  for  the  purpose  of 
facilitating  filtration ;  many  of  these  are 
objectionable,  because  of  the  difficulty  in 
thoroughly  cleansing  them ;  moreover, 
they  do  not   filter   more   rapidly  than   a       anibed  or  Fiut«j  Funnel 

Eroperly  made  plaited  filter.  The  ribs,  to 
e  of  any  value,  should  be  deeper  and  spirally  arranged.  Circu- 
lar, wire  or  wooden  frames  are  also  to  be  had  for  placing  in  a 
plain  funnel,  on  which  the  filter  is  to  be  laid;  but  the  wire  will 
rust,  thereby  staining  all  preparations  containing  tannin;  and 
wood  will  retain  the  odor  and  flavor  of  the  different  liquids 
filtered,  thereby  contaminating  subsequent  filtrations. 

For  general  purposes,  such  as  the  removal  of  coarse  mechanic- 
ally suspended  matter  or  impurities  (eolation),  a  small  pledget  of 
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Fig.  282. 


absorbent  cotton  placed  in  the  neck  of  the  funnel  answers  very 
well.  It  will  not,  however,  remove  finely  divided  suspended 
matter.  For  the  filtration  of  acids,  alkaline  solutions,  or  corrosive 
liquids,  spun  glass  or  fibrous  asbestos  answers  best. 

Granulated  charcoal  or  ground  glass  are  sometimes  used  for 
filtering  large  quantities  of  liquids. 

Upward  Filtration. — For  the  filtration  of  oils  and  dense 
liquids,  the  filtering  bag  of  felt  has  been  in  use  for  a  very  long  time 
(Fig.  256).    Besides  this,  animal  charcoal,  sand,  sawdust,  ground 

coke,  etc.,  used  to  be  employed,  through 
which  the  oil  or  liquid  was  filtered.  This 
method  had  the  serious  objection  that 
the  fluid  either  finds  channels  between 
the  particles  of  the  filtering  medium, 
whereby  it  passes  through  without  being 
filtered,  or  the  filtration  proceeds  very 
slowly,  or  ceases  entirely  after  A  time, 
owing  to  the  clogging  of  the  filter  from 
the  sediment  deposited.  This  slow  and 
tedious  method  nas  been  superseded  by 
the  method  of  ^^ upward  filtration;"  but 
this  is  only  adapted  to  the  filtration  of 
larger  quantities  of  material.  For  the 
filtration  of  oils,  we  find  an  early  appli- 
cation of  this  principle  in  the  oil  filter  * 
as  shown  in  Pig.  282.  This  consists  of 
two  separate  cylindrical  vessels:  a  has  a 
flange  rim  of  lesser  diameter,  soldered 
on  the  bottom,  so  as  to  fit  firmly  into 
the  open  top  of  the  vessel  b.  To  one 
side  of  the  oottom  of  a,  is  attached  a 
tube  and  stopcock,  c,  which  fits  into 
another  tube,  d,  at  e.  Near  the  bottom 
of  the  lower  vessel  is  placed  a  felt  filter, 
curved  upward  and  fastened  by  thumb- 
screws passing  through  two  rmgs  and 
the  felt.  The  stopcock  c  is  closed,  and 
the  vessel  a  is  filled  with  the  oil  or  fluid ; 
then  c  is  opened,  the  fluid  passes  down  into  the  space  below, 
filtering  upward  through  the  felt  into  b,  where  it  is  drawn  off 
at  f.    The  felt  is  easily  removed  and  the  bottom  cleansed. 

Fig.  283  illustrates  an  improved  form  of  filtering  apparatus  upon 
the  principle  of  which  all  others  are  constructed.  The  oil  stored  in 
the  reservoir  A  flows  down  through  the  pipes,  F,  F,  into  the  bottom, 
a,  a,  of  the  two  filters,  B,  B.  It  is  then  forced  upward,  through  a 
layer  of  felt,  6,  6,  into  the  layer  of  sawdust  (charcoal,  coke),  etc., 
Cf  c,  which  is  covered  with  another  layer  of  felt,  on  which  a  finely 

*  This  is  sometimes  called  Warner's  Filter. 


Filter  for  "  Upward  Filtration." 


FlLTRATlOm. 


perforated  plate,  e,  rests,  which  can  be  raised  or  lowered  by  means 
of  the  screws,  D,  I),  decreasing  or  increasing  the  pressure  on  the 
layer  of  sawdust.    The  filtered  liquid  is  drawn  out  at  E,  E, 
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Appuatui  for  "  Upvvd  "  nitruion  ot  Olta. 

Fig.  284  illustrates  a  method  of  filtering  in  which  the  fluid 
passes  through  a  perforated  porcelain  cone  fitted  into 
the  neck  of  a  funnel.  Around  this  cone  is  wrapped 
a  layeror  two  of  filter  paper  (or  muslin).  Then, after 
inserting  the  covered  cone  in  the  neck  of  the  funnel,  » 
the  liquid  is  poured  in.  This  passes  through  the 
layers  of  paper  mto  the  perforations,  and  is  discharged 
below.  The  particles  of  precipitate,  owing  to  their  own 
gravity,  collect  around  the  bottom,  thus  avoiding  the 
dogging  up  of  the  filter;  there  is  also  no  danger  of 
rupturing  tne  paper  by  careless  pouring. 

Upon  this  same  principle  Dr.  Squibb  has  constructed 
a  rapid  filter  for  the  filtration  of  la^e  quantities  of 
liquids.  A  rectangular  wooden  box  is  taken  (dimen- 
sions about  30  X  18  X  6  inches),  all  the  sides  are  leriug  coae. 
pierced  full  of  holes,  leaving  the  bottom  intact;  one 
hole  is  bored  in  the  top  for  admitting  a  siphon.  Around  the 
box  are  wrapped,  alternately,  layers  of  muslin  and  filter  paper, 
the  outside  layer  being  muslin,  secured  by  stitching.  This  pox  is 
then  immersed  in  the  vat  of  liquid  to  be  filtered;  the  fluid  filters 
rapidly  through  into  the  box,  whence  it  is  drawn  off  continuously 
by  means  of  a  glass  siphon.  The  muslin  sides  of  the  filter  may 
be  brushed,  should  they  show  a  tendency  to  clog  from  the  collec- 
tion of  the  precipitate. 

Hot  Filtration. — Dense  liquids,  such  aa  syrups,  oils,  fats,  gel- 
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atin  solutions,  or  such  solutions  as  are  prone  to  crystallize  while 
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cooling,  are  filtered  while  hot;  this  is  conveniently  accomplished  by 

employing  the  jacketed  funnel  (Fig. 

Fio.  287.  285),  which  ia  double-walled,  made 

'  of  tin  or  copper.    ItisfiUed  through 

■*■*■  '  an  opening  in  the  top  and  heated 

at  the  projecting  flange.  Fig.  286 
illustrates  a  form  proposed  by  iHete- 
rieh,  which  is  heated  by  passing 
steam  in  at  c,  which  circulates  about 
the  sides,  h  b,  escaping  through  d. 
Another  form  *  (Fig.  287)  consists  of 
a  worm  of  lead  or  brass  pipe,  coiled 
in  the  form  of  a  cone  having  an 
angle  of  60°,  so  aa  to  adapt  itself 
closely  to  the  sides  of  the  funnel. 
The  coil  is  intended  to  be  chained 
with  steam,  to  avoid  the  close  proxi- 

Uebntcta'iStam  Coll  JukM  for  Hot  Flltn-   _■,        ^,       '     ((„„„       „i,    „      ,-„«„„ 

uoB.  ;.  FuniieL  k.  pipeCoiL  mity    ot    a    name,    when    intiam- 

mable  liquids  are  to  be  filtered. 
The  steam  may  be  generated  as  shown  in  Fig.  153,  the  apparatus 
being  placed  some  distance  from  the  funnel  if  necessary. 

Rapid  Filtration  (Pressure  Filtration). — To  promote  the 
rapidity  of  filtration,  particularly  in  cases  of  dense  or  mucilagin- 
ous liquids,  a  partial  vacuum  may  be  produced  and  maintained 
beneatn  the  filter  paper.  For  this  purpose  various  forms  of  filter 
pumps  are  used  in  the  laboratory ;  in  these  pumps,  water  is 
ejected  from  a  small  tube  having  a  pointed  orifice,  placed  with- 
in another  tube  communicating  with  the  vessel  into  which  the 
funnel  is  fitted  air-tight.  The  continuous,  strong  jet  of  water 
aspirates  the  air  contained  in  the  vessel,  and  thereby  causes  tbe 
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liquid  to  pass  rapidly  through  the  filter.  The  construction  of 
these  pumps  is  very  simple,  as  may 
be  seen  in  that  made  of  glass,  shown 
in  Fig.  288.  The  water  entering  at 
b  c,  under  pressure,  is  forced  out  at 
rapid  rate  through  d,  causing  suction 
in  e  J ;  the  rubber  valve,  g,  regu- 
lates the  pressure  and  prevents  the 
back-flow  of  water  through  /  into 
the  apparatus.  Fig.  289  illustrates 
such  an  apparatus  in  operation;  it^ 
consists  of  a  flask,  D,  into  which  is 
tightly  fitted,  by  means  of  a  rubber 
stopper,  a  funnel  and  an  exit  tube  for 
the  withdrawal  of  air,  which  is  ac-. 
complished  by  means  of  the  vacuum 
pump;  the  water  enters  the  pump  at 
.<4,  and  is  discharged  through  B  with 
considerable  force,  withdrawing  the 
air  from  the  flask  by  suctioi\thirQUgh 
C.  Then  the  pressure  exerted  by  the 
atmosphere  upon  the  surface  of  a 
liquid  in  the  funnel,  forces  it  rapidly 
through.  The  more  expensive  form 
of  a  pump  with  the  indicator  (indi- 
cating the  pressure),  may  be  replaced 
by  the  cheaper  forms  made  of  glass. 


■  A 


W»t«  Pump. 
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The  stopper  should  be  of  rubber  and  firmly  fitted  in  the  neck 
of  the  flask ;  to  prevent  the  filter  paper  from  being  ruptured  at 
the  point,  aperforated  cone  of  thin  metal  (platinum)  is  first  placed 
in  the  bottom  of  the  funnel,  and  into  this  is  placed  the  plain  filter 
(preferably  double)  and  moistened,  care  being  taken  that  it  fits 
the  sides  closely,  so  as  not  to  admit  air  through  furrows.  It  is 
next  filled  with  the  fluid,  and  the  suction  pump  then  started, 
slowly  at  first  and  gradually  increasing.  The  cone  of  platinum 
may  be  replaced  by  a  piece  of  muslin  folded  like  a  plain  filter, 
or  a  so-caUed  "toughened"  or  "hardened"  filter  may  be  used. 
During  filtration,  usually  by  the  sudden  removal  of  pressure, 


;sd  Porous  FltUring  Plait 


water  may  sometimes  be  drawn  over  into  the  filtrate  (in  the 
flask).  This  can  be  avoided  by  interposing  an  empty  bottle  by 
means  of  tightly  fitting  connections  between  the  pump  and  filter- 
ing flask.  Where  a  powerful  suction  is  obteinable,  rapid  filtration 
may  be  effected  by  placing  a  Witt's  perforated  porcelain  disc  (with 
ground  slanting  edge)  in  the  funnel  (Fig.  291) ;  this  is  then  covered 
with  a  piece  of  filtering  paper  cut  slightly  larger  than  the  disc, 
the  edges  extending  about  one-fourth  of  an  inch  up  the  sides  of 
the  funnel.  Tliis  is  tiien  moistened,  the  suction  gently  started, 
and  the  filtering  paper  closely  pressed  to  the  sides  of  the  funnel, 
so  that  when  the  liquid  is  poured  in,  the  sediment  may  not  be 
drawn  down  behind  the  paper.    This  form  of  filtration  is  best 
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adapted  to  the  collection  and  washing  of  precipitates.  Fig.  292 
illustrates  an  improvement  devised  by  Kaehler  &  Martini,*  in 
which  a  rubber  nng  is  stretched  around  the  edge  of  the  plate  to 
obtain  a  more  secure  joint  at  c ;  the  rod  a  is  intended  to  assist 
in  keeping  the  plate  in  position. 
Fig.  293  illustrates  a  convenient  method  where  special  appliances 
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are  wanting ;  the  two  aspirators,  a,  b,  are  connected  by  a  rub- 
ber tube;  A  is  filled  with  water  and  eonnpcted  with  the  flask  c, 
to  which  is  fitted  the  funnel  for  filtering.  The  water  is  then 
allowed  to  flow  down  from  a  to  b;  this  causes  the  withdrawal  of 
air  from  c;  the  higher  a  is  above  b,  the  greater  the  suction.  When 
the  bottle  b  is  full,  it  is  simply  interchanged  for  a,  and  the  flask 
containing  the  filter  connected  with  b. 


CHAPTER   XX. 

OLAMFIOATION. 

Many  liquids  contain  finely  divided  suspended  matter  which 
interferes  with  their  transparency,  and  which  cannot  be  removed 
by  filtration.  In  such  cases  we  must  resort  to  treatment  with 
some  insoluble  substance  which  will  attract  or  envelop  these  par- 
ticles.   This  operation  is  called  Clarification. 

There  is  a  kind  of  clarification  which  may  be  called  "  spontane- 
ous clarification,"  or  "  clarification  by  subsidence,"  which  may  be 
employed  in  many  cases.  It  consists  in  allowing  the  liquid  to 
stand  in  a  quiet  place  for  a  sufficiently  long  time,  until  the 
suspended  matter  has  settled  to  the  bottom. 

When  time  is  a  consideration  we  resort  to  artificial  clarification. 

This  may  be  accomplished  in  several  ways : — 

Ist.  By  the  application  of  heat,  which  coagulates  albuminous 
substances  which  may  be  present.  If  liquids  containing  albumen 
or  albuminous  matter  are  boiled,  the  albumen  coagulates,  enclos- 
ing thereby  the  particles  of  suspended  matter  mechanically,  caus- 
ing them  to  rise  to  the  surface  as  a  scum.  This  is  then  removed 
by  skimming  or  straining.  In  this  manner  we  clarify  fruit  juices, 
also  honey. 

2d.  By  mechanical  appliances,  (a)  Use  of  Albumen.  When 
albumen  is  not  already  present  in  the  liquid,  it  may  be  added. 
The  white  of  an  egg  (one  for  each  gallon),  is  first  well  diluted 
with  a  portion  of  the  liquid,  the  mixture  strained,  and  then  added 
to  the  balance,  which  alter  being  well  shaken  or  mixed,  is  heated 
gradually  to  the  boiling  point,  when  the  coagulated  matter  is 
skimmed  off;  Albumen  should  not  be  used  for  alcoholic  liquids, 
or  for  solutions  which  contain  substances  that  unite  with  albumen 
forming  insoluble  compounds,  such  as  salts  of  mercury,  lead, 
copper,  or  tannic  acid,  etc. 

(6)  Use  of  Gelatin. — This  is  employed  in  removing  suspended 
matter,  due  to  the  presence  of  tannin-like  substances.  It  readily 
unites  with  these,  forming  an  insoluble  leather-like  compound. 
To  the  cold  liquid  is  added  a  solution  of  isinglass ;  the  whole  is 
well  mixed,  heated  to  boiling,  and  on  cooling  it  is  strained  or 
filtered.  Gelatin  is  not  adapted  to  alcoholic  liquids  or  solutions 
whose  activity  depends  on  tannic  acid. 

(c)  Use  of  Insoluble  Bodies,  as  Calcium  Phosphate  or  Magne- 
sium Carbonate  or  Talcum. — These  answer  admirably  for  clarify- 
ing neutral  liquids  ;  in  this  case  a  small  quantity  is  triturated  to 
a  paste  with  the  fluid,  the  balance  being  added  gradually,  and  the 
whole  is  then  filtered  through  a  plain  or  plaited  filter. 
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Paper  Pulp. — This  acts  mechanically  like  the  preceding,  but  is 
not  so  satisfactory.  The  pulp  is  added  to  the  liquid,  the  mixture 
well  shaken  and  poured  on  the  filter,  the  first  portions  of  the  fil- 
trate being  returned  to  the  filter,  until  the  liquid  runs  through 
clear.  The  pulp  may  be  prepared  by  pouring  a  hot  solution  of 
caustic  soda  over  cut  filter  paper,  reducing  it  to  a  pulp  by  means 
of  a  pestle,  then  washing  thoroughly  with  hot  water,  until  all 
traces  of  alkali  have  been  removed;  that  is,  until  the  wash  water 
fails  to  turn  red  litmus  blue,  or  phenolphtalein  red. 

(d)  Use  of  Alcohol. — This  coagulates  slimy  and  mucilaginous 
substances.  Hence,  when  added  to  liquids  containing  these  mat- 
ters, it  causes  a  coagulum  to  separate  which  carries  the  suspended 
matter  along  with  it.  After  filtration,  the  alcohol  is  driven  off  by 
heat.  Alcohol  plays  the  part  of  a  clarifying  agent,  in  the  clarifi- 
cation of  fruit  juices,  and,  owing  to  the  manner  in  which  it  is 
generated,  the  operation  is  designated  as  clarification  byfermeiita- 
Hon,  This  method  is  based  on  the  transformation  of  the  fruit- 
sugar  contained  in  the  expressed  juice  into  alcohol  by  means  of 
saccharine  fermentation.  For  this  purpose,  the  expressed  juice  is 
placed  in  a  room  where  the  temperature  varies  from  20  to  25°  C, 
until  alcoholic  fermentation  is  over ;  this  requires  about  forty- 
eight  hours,  after  which  the  liquid  is  heated  to  boiling  and 
strained.  * 


*  A  powder  for  clarifying  wines,  liquors,  esaenceii.  etc.,  may  be  made  by  mixing  40  parts  each  of 
finelj  powdered  egg  albumen  and  milk-sugar  with  20  parts  of  starch  in  flne  powder.  To  each  liter  of 
the  fluid,  5  fframmes  of  this  powder  are  aoded,  and  after  thorough  agitation,  the  mixture  is  set  aside 
for  several  days  and  then  filtered. 


CHAPTER  XXL 

DBOOLORATION. 

The  process  of  depriving  liquids  of  color  by  filtration  through 
some  substance  capable  of  absorbing  organic  coloring  matter. 

The  object  of  decoloration  is  to  remove  the  coloring  matter  and 
impurities  accompanying  vegetable  principles  such  as  alkaloids, 
glucosides,  or  bitter  principles.  It  is  resorted  to  particularly  for 
decolorizing  svrups  in  sugar  refining,  and  cotton-seed  oil ;  for  the 
removal  of  color  from  petroleum  residues,  in  the  manufacture  of 
petrolatum,  and  petroleum  jellies.  Formerly  precipitated  iron  or 
aluminium  hydrate  were  used  to  some  extent  as  decolorizing 
agents.  Animal  charcoal  is  made  by  heating  bones,  in  closed 
retorts,  out  of  contact  with  air ;  the  product  is  then  reduced  to  a 
granular  condition  by  grinding.  The  best  qualities  are  made 
from  dried  blood.  Powdered  animal  charcoal  is  often  called 
bone-black.  When  of  good  quality,  it  should,  upon  being  boiled 
with  solution  of  potassa,  not  impart  any  color  to  the  liquid.  It 
consists  of  carbon  (about  10  per  cent.),  calcium  phosphate  and 
carbonate,  aluminum  and  iron  hydroxides,  and  silica  (about  90 
per  cent.).  Its  decolorizing  powers  were  supposed  to  be  due  to  the 
minute  state  of  division  of  the  carbon,  or  to  its  physical  condition, 
as  an  aggregation  of  cellular  spaces;  however,  recent  investigations 
tend  to  show  that  the  impurities  in  the  animal  charcoal  play  a  large, 
if  not  the  largest,  part  in  the  decolorizing  power.  In  view  of  this, 
Stenhouse  has  prepared  an  aluminized  charcoal^  made  by  impregnat- 
ing finely  powdered  wood  charcoal  with  7i  per  cent,  of  alumina, 
drying,  and  igniting.  He  also  prepared  an  artificial  bone  black  by 
impregnating  powdered  charcoal  with  7^  per  cent,  of  calcium 
phosphate.  These  prepared  charcoals  decolorize  well,  but  can  be 
used  only  for  neutral  solutions.  After  being  once  used,  animal 
charcoal  may  be  washed  with  dilute  acids,  re-burnt  out  of  contact 
with  air,  and  again  used ;  in  fact,  it  may  be  used  many  times  over, 
although  its  decolorizing  powers  gradually  become  weaker.  Solu- 
tions of  plant  principles  which  are  to  be  decolorized  are  either 
digested  with,  or  percolated  through  it.  Since  it  has  a  tendency 
to  retain  such  principles,  the  charcoal  should  afterward  be  boiled 
with  some  of  the  solvent,  for  instance,  alcohol,  which  extracts  the 
principle  retained. 
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SEPARATION  OF  IMMISCIBLE  LIQUIDS. 

The  pharmacist  occasionally  has  to  separate  immiscible  liquids ; 
for  instance,  in  the  washing  or  purification  of  oils  (volatile  and 
fixed),  which  have  become  resinined  or  partially  rancid.  He  has 
also  occasion  to  separate  immiscible  volatile  solvents  (ether, 
chloroform,  benzin,  etc.),  from  aqueous  solutions.  In  the  first  in- 
stance, after  the  oil  has  been  thoroughly  washed,  by  agitation  in 
a  closed  flask  with  water  (slightly  alkaline),  the  mixture  is 
poured  into  an  open  separating  funnel  (Fig.  294),  allowed  to  stand 
until  it  has  separated  into  two  clear  layers,  then  the  underlying 
water  or  oil  may  be  slowly  and  carefully  drawn  off.  Fig.  295 
illustrates  a  home-made  separating  funnel  designed  by  C.  O.  Cur- 


Fio.   296. 


Fig.  295. 


Pig.  294. 


Separating  Funnel 
(stoppered). 


SeparatiDK  Fnnnel 
(Currier). 


Separating  Flask 
(pear^e^pe). 


rier.  The  liquid  is  drawn  off  by  means  of  a  glass  tube,  sliding 
through  a  cork.  Near  the  closed  end  of  this  tube  a  hole  is  filed 
through,  by  means  of  a  rat-tail  file  (moistened  with  oil  of  turpen- 
tine) ;  then,  by  raising  or  lowering  the  tube,  the  respective  liquids 
may  be  drawn  off. 

For  all  kinds  of  operations,  the  so-called  "  separator,"  or  sepa- 
rating flask  provided  with  a  glass  stopper,  is  to  be  preferred 
(Fig.  296).  This  consists  of  a  pear-shaped  or  cylindrical  bulb 
provided  with  a  well-ground,  perforated  stop-cock  and  a  short 
exit-tube.  This  form  is  usually  employed  in  the  various 'opera- 
tions of  shaking  aqueous  liquids  with  volatile  solvents,  which  is 
necessary  in  the  preparation  of  various  pharmaceutical  products 
and  in  the  assay  of  alkaloidal  drugs.     When  such  separators  are 
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not  available,  the  aeitation  may  be  performed  in  a  glaa»-stoppered 

bottle,  and  the  fluids  separated  by  means  of  a  pipette,  the  point 

of  which  is  drawn  out  to  a  capillary  (Fig. 

Fia.  297.  297).    Over  the  top  of  these  small  pipettes 

^^^^y  an  imperforated  ruobernipple  may  be  drawn, 

J^  A  which  may  be  used  as  a  means  of  suction 

fj  1  instead  of  the  mouth.*    Id  operating  upon 

Tp  I  larger   quantities   of  liquids,  they  may  be 

! 


stmarated  readily  and  completely,  by  means 
of^a  siphon  which  is  operated  by  forcing  air 
into  the  flask.  The  arrangement  in  Fig.  298 
is  adapted  for  the  withdrawal  of  the  Tower 
fluid,  and  in  order  that  none  be  lost,  the 
tube  is  bent  so  that  it  can  be  shoved  into 
the  edge  of  the  bottom  when  the  flask  is 
inclined.  For  drawing  off  the  upper  fluid 
(Fig,  299)  the  siphon,  which  has  a  hook  at 
j'^^''' '^'P""  the  shorter  extremity,  is  raised  to  the  lower 
level  of  the  floating  fluid. 


Bepunilloii  of  Immijclble  Fluid*  by  Slphoa. 
•  See  Plpettea,  pige  IM. 


CHAPTEE  XXIII. 

EXTRACTION. 

This  term  is  applied  to  any  process  whereby  the  soluble  matter 
of  complex  drugs,  usually  vegetable,  are  separated  from  the  in- 
soluble portion  by  means  of  a  solvent:  when  practically  ac- 
complished, the  drug  is  said  to  be  exhausted.  This  is  carried  out 
in  tne  operations  of  maceration  or  digestion,  percolation,  or  a 
combination  of  both. 

MACERATION. 

Maceration  consists  in  subjecting  a  drug,  reduced  to  a  coarse 
powder,  to  the  solvent  action  of  a  select^  liquid,  called  the 
menstruum,  the  length  of  time  and  temperature  being  an  im- 
portant consideration.  The  temperature  employed  in  different 
Sharmacopoeias  varies  from  10°  to  100°  C,  being  accordingly 
esi^natea  as  maceration,  digestion,  infusion,  or  decoction. 

When  a  moderate  heat  (30-40°  C.)  accompanies  maceration,  it 
is  called  digestion. 

Maceration  for  a  short  time,  either  in  cold,  lukewarm,  hot,  or 
boiling  water,  and  subsequent  straining,  is  called  infusion. 

When  the  mixture  of  drug  and  water  is  boiled  together,  it  is 
called  decoction. 

The  temperature  of  maceration,  in  the  preparation  of  tinctures, 
wines,  vinegars,  etc.,  as  directed  by  most  pharmacopoeias  is  from 
15°  to  20°  C.  The  length  of  time  is  from  l  to  36  hours,  according 
to  the  nature  of  the  drug  and  menstruum ;  where  the  process  of 
percolation  is  not  employed,  the  time  of  maceration  is  usually 
extended  to  the  period  of  a  week  or  more. 

In  the  manufacture  of  pharmaceutical  preparations,  when  the 
drug  is  to  be  exhausted  oy  a  fluid  menstruum,  as  in  the  prepa- 
ration of  tinctures,  extracts,  wines,  vinegars,  etc.,  two  methods  of 
extraction  are  employed,  either  that  of  rrmceraiion,  or  that  of 
percolation.  The  process  of  maceration  is  employed  almost 
exclusively  by  the  European  apothecaries,  who  claim  that  it  pos- 
sesses tjie  following  advantages  over  the  method  of  percolation. 

Bv  maceration,  the  drug  is  more  evenly  exhausted,  and  the 
products  obtained  are  of  like  and  uniform  composition  and  are 
more  stable. 

It  affords  excellent  results  every  time  a  substance  is  to  be  ex- 
hausted and  with  the  smallest  possible  quantity  of  menstruum. 

It  is  far  less  expensive,  since  the  loss  in  alcohol  is  very  slight, 
the  chief  opportunity  for  any  loss  being  during  the  operation  of 
expressing  the  residue. 
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Preparations  made  by  percolation  are  less  stable,  being  more 
liable  to  precipitate,  and  especially  so  if  water  is  used  for  forcing 
out  the  last  portions  of  alcoholic  menstruum,  for  then  a  diffusion 
of  the  two  cannot  always  be  avoided. 

Maceration  answers  best  for  inexperienced  hands,  since  the 
operation  of  percolation  requires  skill,  with  careful  and  constant 
supervision,  in  consequence  of  the  wide  variance  in  the  nature 
and  structure  of  diflferent  drugs. 

It  does  not  necessitate  the  pulverization  of  the  drug,  thereby 
dispensing  with  previous  desiccation  and  possible  loss,  by  alter- 
ation or  destruction,  of  volatile  principles,  as,  for  instance,  in 
conium,  lobelia,  physostigma,  etc. 

On  the  other  hand,  it  is  claimed  that  the  process  of  maceration 
involves  considerable  loss.  Yet,  when  the  operation  is  carefully 
managed,  the  loss  is  not  any  greater  than  by  the  process  of  perco- 
lation.* For  further  references  concerning  the  process  of  macera- 
tion, see  Tincturse  and  Extracta  Fluida. 

Percolation  is  not  adapted  to  certain  kinds  of  drugs,  particularly 
those  of  a  spongy  nature,  which  tend  to  swell  with  aqueous  or 
hydro-alcoholic  menstrua,  and  render  the  passage  of  the  fluid  slow 
and  difficult ;  as  examples,  arnica  flowers  and  orange-peel  may 
be  cited. 

Percolation  is  well  adapted  to  such  dru^  as  aconite  root,  cin- 
chona bark,  ergot,  etc.,  but,  wherever  applied,  the  process  demands 
care  and  skill. 

•  Economic  Percolation  bj  Arnj,  "  Proceed.  A.  P.  A.,  '92,"  p.  169. 
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PBBOOLA.TION. 

Percolation,  or  displacement,  is  the  process  of  extraction  of  a 
drug  by  the  gradual  descent  of  a  solvent.  It  ia  called  displace' 
7Mn\t  because  the  solvent,  ifler  becoming  chfirged  with  the  solu- 
ble constituents  of  the  drug,  is  displaced  by  fresh  portions  of  the 
solvent  liquid,  and  fix)m  its  own  gravity,  and  by  the  presence  of 
the  liquid  above,  minus  capillary  force,  continues  downward  and 
is  discharged  below. 

Percolation,  when  jyroperly  pj^   ^^ 

carried  out,  is  an  effective  and 
expeditious  process  of  drug 
extraction.  It  yields  at  once, 
without  further  manipula- 
tion, a  finished  product.  The 
product  is  called  thepercolale, 
and  the  vessel  in  wnich  the 
operation  is  carried  on,  the 
percolator,  and  the  liauid  sol- 
vent employed  is  called  the 
meiietnium. 

The  earliest  and  simplest 
application  of  the  process  of 
percolation  wasthat  em  braced 
in  the  old  process  of  lixivia- 
tion,  which  consists  in  depriv- 
ing wood  ashes  of  their  solu- 
ble matter,  by  pouring  water 
over  them,  when  placed  in  a 
cylindrical  or  conical  vessel. 

Count  Rumford,  in  1813, 
used  percolation  in  making 
coffee  decoction,  but  the  first 
application  of  this  process  to 
the  extraction  of  drugs  was 
made  by  Count  Real  in  1815, 
who  invented  a  so-called 
press  (Fig.  300),  which  con- 
sisted of  a  metallic  cylinder, 
tapered  below  to  a  narrow 

neck,   which    was    provided  lu-r. p~. (i>™,i.tor). 

with  a  stopcock.     In  the  bot- 
tom of  this  cylinder  was  a  perforated  diaphragm,  upon  which  the 
drug  was  to  be  packed,  entirely  filling  the  apparatus.    The  top 
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is  covered  with  a  tightly  fitting  cap,  connected  with  an  upright 
tube,  from  2 J  to  3J  meters  long,  enlarged  to  a  cup-shaped  opening 
above.  This  was  employed  in  making  infusions,  in  which  the  main 
difficulty  experienced  was,  owing  to  the  great  pressure  produced  by 
the  height  of  such  a  column  of  liquid,  that  the  menstruum  flowed 
through  without  completely  exhausting  the  drug.  Later  (1817) 
it  was  used  by  Johnson  in  the  extraction  of  cinchona,  but  to 
BouUay  fr^res  (1833)  belongs  the  credit  of  fully  demonstrating  its 
practical  value  in  pharmacy.  While  the  process  was  making 
rapid  progress  in  France,  Messrs.  Duhamel,  Proctor,  and  Grahame 
were  carrying  on  experiments  in  America,  which  finally  led  to  its 
first  introduction  into  the  U.  S.  Pharmacopoeia  of  1840,  where  it 
was  made  official  as  an  alternative  process.  Since  that  time, 
great  progress  has  been  made  in  bringmg  this  process  to  a  greater 
state  of  perfection  through  the  labors  of  Proctor,  Squibb,  Lloyd, 
and  others.  The  process,  while  being  employed  exclusively  in  our 
own  Pharmacopoeia  in  the  preparation  of  its  tinctures,  fluid 
extracts,  etc.,  has  received  until  within  recent  years,  comparatively 
little  attention  from  the  European  pharmacopoeias,  where  the  pro- 
cess of  maceration  is  still  employed  almost  exclusively. 

The  U.  S.  Pharmacopoeia  gives  the  following  definition  and 
description  of  the  process : — 

"  The  process  of  percolation,  or  displacement,  directed  in  this 
Pharmacopoeia,  consists  in  subjecting  a  substance  or  a  mixture  of 
substances,  in  powder,  contained  in  a  vessel  called  a  percolator,  to 
the  solvent  action  of  successive  portions  of  a  certain  menstruum 
in  such  a  manner  that  the  liquid,  as  it  traverses  the  powder  in  its 
descent  to  the  receiver,  shall  oe  charged  with  the  soluble  portion 
of  it,  and  pass  from  the  percolator  free  from  insoluble  matter. 

"  When  the  process  is  successfully  conducted,  the  first  portion  of 
the  liquid,  or  percolate,  passing  through  the  percolator,  will  be 
nearly  saturated  with  the  soluble  constituents  of  the  substance 
treated ;  and  if  the  quantity  of  menstruum  be  sufficient  for  its 
exhaustion,  the  last  portion  of  the  percolate  will  be  nearly  free 
from  color,  odor,  and  taste,  other  than  those  of  the  menstruum 
itself." 

In  order  to  be  able  to  apply  the  process  of  percolation  intelli- 
gently, so  as  to  secure  the  object  aimed  at,  viz.,  the  extraction  of 
the  useful  soluble  constituents  of  a  drug,  the  operator  must  have 
some  knowledge  of  the  structure  and  composition  of  the  drug. 
In  its  natural,  unpowdered  condition,  the  drug  (assuming  it  to  be 
of  organic  origin)  is  usually  made  up  of  cells  and  vessels  of 
various  shapes  and  of  interstitial  spaces.  When  the  drug  is 
powdered,  many  of  these  cells  and  vessels,  which  usually  contain 
the  matters  to  be  extracted,  are  broken  up,  and  the  interstitial 
spaces  are  thus  largely  increased  in  number.  If  the  powdered 
mass  is  now  to  be  extracted  by  a  menstruum,  not  in  repose,  but 
slowly  passing  through  the  mass,  it  is  necessary  to  adjust  the 
current  so  that  the  menstruum  has  time  to  penetrate  the  solid 
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particles,  to  become  charged  with  the  soluble  matters  contained 
therein,  and  to  be  slowly  displaced  by  fresh  portions  of  the 
menstruum.  If  the  current  of  the  menstruum  is  so  rapid  that  the 
latter  has  not  sufficient  time  to  penetrate  aud  pass  tnrough  the 
solid  particles,  there  will  be  a  deficiency  in  the  product.  The 
best  plan  of  avoiding  this  is  to  give  ample  time  to  the  menstruum, 
particularly  in  the  beginning,  to  penetrate  the  solid  substance  and 
to  render  the  cell-walls  ready  for  the  process  of  osmosis.  Hence 
the  first  step,  in  percolation,  is  to  moisten  the  powder  and  to  wait 
until  the  liquid  has  thoroughly  penetrated  the  solid  particles 
themselves.  In  some  drugs  this  is  accompanied  by  a  considerable 
swelling,  or  increase  of  volume,  due  to  their  spongy  or  muci- 
laginous nature.  In  these  cases  it  is  particularly  necessary  to 
wait  for  complete  expansion,  since,  otherwise,  the  drug  would  so 
clog  the  percolator  that  no  liquid  would  be  able  to  pass. 


rrllndrlcal  liliua  Percolilor,      Caolal  Olwa  Peroalalar.  Hetil  PsrcolttOT. 


"The  percolator  most  suitable  for  the  quantities  contemplated 
by  the  Pharmacopceia  should  be  nearly  cylindrical,  or  slightly 
conical,  with  a  funnel-shaped  termination  at  the  smaller  end. 
The  neck  of  this  funnel-end  should  be  rather  short,  and  should 
gradually  and  regularly  become  narrower  toward  the  orifice,  so 
that  a  perforated  cork,  bearing  a  short  glass  tube,  may  be  tightly 
wedged  into  it  from  within  until  the  end  of  the  cork  is  flush  with 
the  outer  edge  of  the  orifice.  The  glass  tube,  which  must  not 
project  above  the  inner  surface  of  the  cork,  should  extend  from  3 
to  4  Cm.  beyond  the  outer  surface  of  the  cork,  and  should  be  pro- 
vided with  a  closely  fitting  rubber  tube,  at  least  one-fourth  longer 
than  the  percolator  itself,  and  ending  in  another  short  glass  tuue, 
whereby  the  rubber  tube  may  be  so  suspended  that  its  orifice  shall 
be  above  the  surface  of  the  menstruum  m  the  percolator,  a  rubber 
band  holding  it  in  position. 
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"  The  shape  of  a  percolator  should  be  adapted  to  the  nature  of 
the  drug  to  be  operated  upon.  For  drugs  which  are  apt  to  swell, 
particularly  when  a  feebly  alcoholic  or  an  aqueous  menstruum  is 
employed,  a  conical  percolator  is  preferable.  A  cylindrical  or  only 
slightly  tapering  percolator  may  be  used  for  drugs  which  are  not 
liable  to  swell,  and  when  the  menstruum  is  strongly  alcoholic,  or 
when  ether  or  some  other  volatile  liquid  is  used  for  extraction. 
The  size  of  the  percolator  selected  should  be  in  proportion  to  the 
quantity  of  drug  extracted.  When  properly  packed  in  the  perco- 
lator, the  drug  should  not  occupy  more  than  two-thirds  of  its 
height.  The  percolator  is  best  constructed  of  glass  or  stone-ware, 
but,  unless  otherwise  directed,  may  be  made  of  any  suitable 
material  not  affected  by  the  drug  or  menstruum." 

While  not  specifying  dimensions,  the  Pharmacopoeia  directs  the 
employment  of  either  one  of  two  forms,  the  conical  or  cylindrical. 
In  percolating  such  drugs  as  are  liable  to  swell  considerably,  for 
instance,  gentian,  calumba,  rhubarb,  etc.,  or  where  the  menstruum 
is  more  aqueous  than  alcoholic,  the  conical  form  is  preferred; 
since,  owing  to  the  slanting  of  the  sides,  the  drug  has  an  oppor- 
tunity to  expand  upward.  Also,  since  these  drugs  yield  to 
aqueous  menstruum  a  large  amount  of  soluble  and  mucilaginous 
matter,  it  cannot  as  readily  collect  as  a  viscid  liquid,  and  retard 
percolation,  as  is  often  the  case  in  the  cylindrical  form.  In  all 
other  cases  the  tall  and  narrow  cylindrical  percolator  is  preferred, 
which  increases  the  height  of  the  column  of  the  drug  and  men- 
struum in  proportion  to  their  mass,  thus  insuring  the  thorough 
exhaustion  of  the  drug  with  a  moderate  quantity  of  menstruum.* 

"  The  percolator  is  prepared  for  percolation  by  gently  pressing 
a  small  tuft  of  cotton  into  the  neck  above  the  cork,  a  thin  layer 
of  clean  and  dry  sand  being  then  poured  upon  the  surface  of  the 
cotton  to  hold  it  in  place." 
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In  preparing  the  percolator,  care  should  be  taken  not  to  press 
the  wad  of  cotton  too  tightly.  It  should  fit  loosely  into  the  upper 
portion  of  the  neck,  partly  covering  the  bottom  of  the  percolator ; 
It  is  preferable  to  cover  this  with  a  disc  of  filter  paper  cut  to 
fit  the  bottom  of  the  percolator.  This  may  be  covered  with  a 
layer  of  clean  sand,  or  pebbles.  Some  operators  prefer  to  insert 
a  cork,  grooved  all  around,  into  the  upper  part  of  the  neck,  and  to 
cover  this  directly  with  a  disc  of  filter  paper.  Where  obtainable, 
glass-wool  will  be  found  far  better  than  cotton  for  this  purpose, 
since  it  retains  its  spongy  condition  and  does  not  fall  together  on 
becoming  wet.  In  selecting  the  proper-sized  percolator,  we  must 
be  guided  by  the  amount  of  drug ;  thus,  if  the  percolator  be  large 
enough  for  16  troy  ounces,  we  should  notuse  it  for  8  or  10  ounces 
of  drug,  and,  upon  the  other  hand,  the  percolator  must  be  amply 
large  enough  to  accommodate  a  good  supply  of  menstruum  above 
the  surface  of  the  powder. 

"The  powdered  substance  to  be  percolated  (which  must  be 
uniformly  of  the  fineness  directed  in  the  formula,  and  should  be 
perfectly  air-dry  before  it  is  weighed)  is  put  into  a  basin,  the 
specified  quantity  of  menstruum  is  poured  on,  and  it  is  thoroughly 
stirred  \vith  a  spatula,  or  other  suitable  instrument,  until  it  appears 
uniformlj^  moistened.  The  moist  powder  is  then  passed  through 
a  coarse  sieve — No.  40  powders,  and  those  which  are  finer,  requir- 
ing a  No.  20  sieve,  whilst  No.  30  powders  require  a  No.  15  sieve 
for  this  purp)ose.  Powders  of  a  less  degree  of  fineness  usually  do 
not  require  this  additional  treatment  after  the  moistening.  The 
moist  powder  is  now  transferred  to  a  sheet  of  thick  paper  and  the 
whole  quantity  poured  from  this  into  the  percolator.  It  is  then 
shaken  down  lightly  and  allowed  to  remain  in  that  condition  for 
a  period  varying  from  fifteen  minutes  to  several  hours,  unless 
otherwise  directed ;  after  which  the  powder  is  pressed,  by  the  aid 
of  a  plunger  of  suitable  dimensions,  more  or  less  firmly  in  pro- 

Eortion  to  the  character  of  the  powdered  substance  and  the  alco- 
olic  strength  of  the  menstruum ;  strongly  alcoholic  menstrua,  as 
a  rule,  permitting  firmer  packing  of  the  powder  than  the  weaker. 
The  percolator  is  now  placed  in  position  for  percolation,  and,  the 
rubber  tube  having  been  fastened  at  a  suitable  height,  the  surface 
of  the  powder  is  covered  by  an  accurately  fitting  disc  of  filtering 
paper,  or  other  suitable  material,  and  a  sufficient  quantity  of  the 
menstruum  poured  on  through  a  funnel  reaching  nearly  to  the 
surface  of  the  paper.  If  these  conditions  be  accurately  observed, 
the  menstruum  will  penetrate  the  powder  equally  until  it  has 
passed  into  the  rubber  tube  and  has  reached,  in  this,  a  height 
corresponding  to  its  level  in  the  percolator,  which  is  now  closely 
covered  to  prevent  evaporation.  The  apparatus  is  then  allowed 
to  stand  at  rest  for  the  time  specified  in  the  formula. 

"To  begin  percolation,  the  rubber  tube  is  lowered  and  its  glass 
end  introduced  into  the  neck  of  a  bottle  previously  marked  for 
the  quantity  of  liquid  to  be  percolated,  if  the  percolate  is  to  be 
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measured,  or  of  a  tared  bottle,  if  the  percolate  is  to  be  weighed ; 
and  by  raiaing  or  lowering  this  receiver  the  rapidity  of  percola- 
tion may  be  increased  or  decreased  as  may  be  desirable,  care  being 
taken,  however,  that  the  rate  of  percolation,  unless  the  quantity  of 
material  be  largely  in 
"^-  *^"  excess  of  the  pharma- 

copoeial  quantity,  shall 
not  exceed  the  limit  of 
t€n  to  thirty  drops  in  a 
minute.*  A  layer  of 
menstruum  must  con- 
stantly be  maintained 
above  the  powder,  so  as 
to  prevent  the  access  of 
air  to  ita  interstices, 
until  all  has  been  added, 
or  the  requisit«  quantity 
of  percolate  has  been 
obtained.  This  is  con- 
veniently accomplished, 
if  the  space  above  the 


powder  will  admit  of  it,  by  inverting  a  bottle  containing  the 
entire  quantity  of  menstruum  over  the  percolator  in  such  a  man- 
ner that  its  mouth  may  dip  beneath  the  surface  of  the  liquid,  the 
bottle  being  of  such  shape  that  its  shoulder  will  serve  as  a  cover 
for  the  percolator." 

Degree  of  Fineness  of  the  Powdered  Drug. — It  is  es.sential 


«  rate  or  ipeeil  of  percolnIioB  may  be  LncreuHl  In  proportion  lo  the  ninoiiiilof  drug  pcnwtiled. 

nl  bflfae  lirnr  i-t,  onnliialni;  Irw,  anil  i^f,  th«1ewi  amount  ori'ilnctlTe.     la  ncluiil  open- 
it  llua  or  demuvHlon  tre  out  hi  tbarp,  but  gnduillT  blended  from  below  upvird. 
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that  the  drug  be  of  a  proper  and  uniform  degree  of  jSneness ;  when 
it  is  too  coarse,  complete  exhaustion  does  not  take  place ;  when 
it  is  too  fine,  percolation  ceases  from  agglutination,  and  when  it  is 
not  of  uniform  fineness,  percolation  is  hindered.  The  fineness  of 
the  powder  must  be  in  accordance  with  the  nature  of  the  drug 
and  solvent.  Drugs  like  rhubarb  and  gentian,  which  have  an 
open,  loose  cellular  structure,  and  whose  constituents  are  readily 
soluble,  are  easily  exhausted  when  in  coarse  powder.  Such  drugs 
as  nux  vomica  and  ignatia  have  a  hard,  homy  structure,  which 
is  not  easily  penetrated  by  a  solvent,  hence  they  must  be  reduced 
to  a  fine  powder.  The  finer  the  powder,  the  more  intimate  will 
be  the  contact  with  the  solvent;  hence,  in  the  preparation  of  fluid 
extracts,  we  employ  as  fine  a  powder  as  is  consistent  with  the 
nature  of  the  drug,  while  in  the  case  of  tinctures,  where  the 
amount  of  menstruum  is  large  in  comparison  to  the  drug,  we  em- 
ploy a  coarser  powder. 

Moistening  and  Packing. — A  drug  should  be  thoroughly 
moistened  and  permitted  to  expand  before  being  packed,  so  that 
the  dry  cellular  tissue  may,  from  the  absorption  of  liquid,  swell 
to  its  ultimate  condition,  and  that,  after  the  drug  is  packed,  the 
liquid  may  pass  in  an  even  current.  If  a  drug  is  packed  without 
having  been  moistened,  or  before  it  has  ceased  to  swell,  and  men- 
struum then  poured  upon  it,  the  passage  of  the  latter  would  soon 
be  obstructed  by  the  swelling  of  the  particles.  After  being  moist- 
ened, the  powder  should  be  rubbed  tnrough  a  coarse  sieve  so  as  to 
secure  uniformity  of  texture  and  to  prevent  any  balling.  After  this, 
it  may  be  either  poured  into  the  percolator,  which  is  to  be  carefully 
covered  so  as  to  prevent  the  powder  from  drying  out,  or  placed 
in  a  well-closed,  wide-mouthea  macerating  jar.  It  is  then  allowed 
to  stand  for  a  period  varying  from  fifteen  minutes  to  several 
hours,  according  to  the  nature  of  the  drug. 

The  powder  is  now  "  packed  "  in  the  percolator,  which  is  done 
by  introducing  it  in  portions,  distributing  it  uniformly  and  evenly, 
and  applying  a  more  or  less  strong  pressure,  according  to  the 
directions,  in  such  a  way,  however,  that  the  pressure  always 
diminishes  toward  the  surface.  The  directions  given  by  the 
Pharmacopoeia,  viz.,  "  to  pour  the  powder  into  the  percolator,  to 
shake  it  down  carefully  so  as  to  avoid  the  formation  of  furrows  or 
cavities,  and  then  to  apply  pressure  on  the  surface,"  are  liable  to 
produce  difiiculties  during  the  percolation.  The  firmness  with 
which  a  powder  should  be  packed,  depends  entirely  on  the  structure 
of  the  drug  and  on  the  menstruum  employed.  If  the  drug  be 
porous  and  spongy  and  the  menstruum  aqueous,  it  should  be 
packed  loosely;  if  the  menstruum  be  alcoholic,  it  should  be 
packed  firmly.  As  a  rule,  the  more  alcoholic  the  menstruum,  the 
firmer  should  be  the  packing. 

After  the  powder  has  been  properly  packed,  a  circular  piece  of 
filter  paper  (nicked  around  the  edges),  slightly  larger  than  the 
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diameter  of  the  upper  layer  of  powder,  is  laid  upon  the  surface, 
and  weighted  with  pebbles,  broken  glass,  a  funnel,  or  a  glass  tripod 
weight*  made  for  this  purpose.  As  much  menstruum  should  be 
added  at  once  as  the  percolator  will  hold,  great  care  being  always 
taken  not  to  allow  the  menstruum  to  disappear  below  the  surface 
of  the  powder ;  for  should  this  take  place,  air  will  be  drawn  into 
the  interstices  of  the  drug  and  fissures  will  form  by  contraction 
of  its  mass ;  hence,  when  more  menstruum  is  added,  it  will  flow 
through  those  parts  where  it  meets  the  least  resistance,  seeking 
the  fissures  which  allow  the  passage  of  the  menstruum  through 
these  channels,  instead  of  percolating  through  the  powder.  When 
constant  attention  cannot  be  given  to  the  operation,  a  flask  may  be 
inverted  over  the  top  of  the  percolator,  as  shown  in  Fig.  304,  or 
the  device  illustrated  in  Fig.  252  may  be  employed,  or  else  the 
process  may  be  interrupted  by  stopping  the  flow  of  the  percolate. 

After  the  menstruum  has  been  added  (if  the  drug  has  been 
properly  packed),  it  will  permeate  the  powder  and  descend  at  a 
uniform  rate  throughout  the  mass.  Should  it  descend  more  rapidly 
on  one  side  than  on  the  other,  this  would  be  due  to  irregular 
packing,  indicating  that  too  little  pressure  has  been  used  on  one 
side  as  compared  with  the  other,  and  then  a  portion  of  the  powder 
will  not  be  as  thoroughly  exhausted  as  that  more  loosely  packed, 
owing  to  the  rapidity  with  which  the  menstruum  passes  tnrough 
the  more  porous  portion. 

Under  proper  conditions,  after  the  menstruum  has  penetrated 
the  entire  powder,  and  passed  into  the  rubber  tube,  the  mouth  of 
the  percolator  is  to  be  covered  to  prevent  evaporation,  and 
allowed  to  stand  at  rest  for  the  time  specified  by  the  formula. 
The  length  of  this  period  of  maceration  depends  on  the  nature 
of  the  drug  and  the  amount  of  menstruum.  Should  the  amount 
of  menstruum  be  small,  as  in  the  preparation  of  fluid  extracts,  a 
greater  length  of  time  is  necessary  than  in  the  making  of  weaker 
preparations,  such  as  tinctures,  wines,  etc.,  for  with  these  the  length 
of  maceration  may  be  short,  since  we  have  a  large  amount  of  fluid 
with  which  to  exhaust  a  small  amount  of  drug. 

Proper  Menstruum. — A  knowledge  of  the  constituents  of  a 
drug,  and  of  their  properties,  is  absolutely  necessary  before  the 
proper  menstruum  for  percolation  can  be  selected.  The  menstruum 
must  be  so  chosen  as  to  extract  the  active  principles,  and  yet  take 
up  as  little  as  possible  of  the  inert  matter.  The  menstruum  must 
also  be  capable  of  holding  the  extractive  matter  permanently  in 
solution.  Such  drugs  as  contain  alkaloids,  resins,  etc.,  require  a 
more  strongly  alcoholic  menstruum.  Such  as  licorice  require  a 
slightly  alkaline  hydro-alcoholic  menstruum.  Such  as  ergot, 
sanguinaria,  conium,  etc.,  are  better  exhausted  with  an  alcoholic 
menstruum  slightly  acidified.  In  many  cases  glycerin  is  added, 
since  it  has  intermediate  solvent  properties  between  that  of  alcohol 
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and  water,  and  dissolves  all  principles  soluble  in  either  alone.  In 
the  case  of  gentian,  scoparius,  and  quassia,  just  enough  alcohol  is 
employed  to  prevent  fermentation  of.  the  finished  preparation. 

Exhaustion. — The  Pharmacopoeia  directs  that  displacement  be 
continued  until  the  drug  is  exhausted.  The  exhaustion  of  a  drug 
cannot  be  insured  with  a  given  amount  of  menstruum,  for  that 
depends  entirely  upon  the  skill  of  the  operator.  In  this  case,  we 
must  be  guided  by  the  nature  or  peculiarities  of  the  drug  operated 
upon.  When  the  active  principles  possess  a  bitter  taste,  as  in 
nux-vomica,  cinchona,  or  quassia,  exhaustion  is  indicated  by  the 
disappearance  of  a  prominent  bitterness.  In  the  case  of  resmous 
drugs,  such  as  podophyllum  or  jalap,  the  percolation  is  to  be  con- 
tinued until  the  percolate  ceases  to  produce  cloudiness  when 
dropped  into  water.  With  astringent  druffs,  such  as  catechu  or 
krameria,  we  judge  the  drug  to  be  exhausted  by  the  disappearance 
of  an  astringent  taste.  The  exhaustion  of  alkaloidal  drugs  is 
best  observed  by  directly  testing  a  fraction  of  the  percolate  for  the 

Eresence  of  alkaloids  by  means  of  Mayer's  reagent.  The  color  is 
ut  rarely  a  criterion  of  strength  or  exhaustion,  for  percolates  may 
continue  to  pass  through  highly  colored,  and  yet  the  drug  may 
have  long  been  devoid  of  activity;  an  exception  to  this  is 
cochineal,  whose  virtues  reside  in  its  color  only.  Hence^  to  carry 
on  the  process  of  percolation  intelligent hjy  we  must  understand  the 
nature  and  constituents  of  the  drug  open^ated  upon. 

After  the  drug  has  been  exhausted,  varving  amounts  of  the 
menstruum  are  retained  in  the  drug  residue  (marc).  The  recovery 
of  this  is  quite  important  where  larger  quantities  are  operated 
upon.  It  IS  best  tnen  to  throw  the  entire  mass  directly  into  a 
still,  into  the  bottom  of  which  live  steam  is  passed  and  the  distil- 
late then  condensed. 


VARIOUS  FORMS  OF  PERCOLATING  APPARATUS. 

For  the  use  of  the  apothecary,  in  operating  with  smaller  quan- 
tities of  drugs,  the  glass  percolator  is  the  best,  since  by  its  use  we 
are  enabled  to  observe  the  various  stages  of  the  operation.  It  is 
also  adapted  to  all  kinds  of  drugs.  Glass  percolators  of  a  larger 
size  than  five  gallons  are  not  safe,  since,  owing  to  their  great  size 
and  weight,  they  are  liable  to  crack.  The  larger  sizes  should  be 
supported  upon  frames  covered  with  some  soft  material  like  rub- 
ber or  cork.  Next  to  glass,  stoneware  jars  (Squibb's  Siphon 
Percolator)  are  to  be  preferred.  These  may  be  used  for  quantities 
up  to  200  pounds.  Most  manufacturers  employ  tinned  copper 
percolators  which  permit  the  carrying  on  of  operations  involving 
300  to  500  pounds  of  drugs. 

Fig.  306  illustrates  the  Christ-Dieterich  Percolator,  which  is 
made  of  tinned  copper  or  earthenware,  the  sizes  varying  from  one 
to  10  liter  capacity.    It  is  fed  automatically  from  the  flask.  A, 
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through  the  tube,  e,  which  may  he  made  of  any  length  desired  so 
as  to  reacli  further  down,  should  the  percolator  not  be  filled. 
The  drug  rests  on  the  sieve  bottoms,  a  and  b,  between  which  a 
layer  of  cotton  may  be  laid.  The  flow  of  percolate  is  regulated  by 
the  8  top -cock,  c. 

Fig.  307  illustrates  a  handsome  percolator,  constructed  of  glass, 
intended  for  operating  with  smaller  amounts ;  these  are  also  con- 
structed of  copper  or  enameled  iron  for  larger  quantities.     The 
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operation  is  essentially  the  same  as  that  shown  in  the  preceding 
illustration.  The  drug  rests  o'n  a  perforated  porcelain  disc,  b.  In 
actual  practice,  it  is  a  very  ditficult  matter  to  regulate  the  flow  of 
the  percolate,  to  any  degree  of  uniformity,  with  a  stopcock.  More- 
over, a  stopcock  is  also  very  easily  clogged  by  small  particles  of 
solid  matter.  Dr.  Squibb  has  overcome  this  difficulty  by  using 
the  siphon,  as  is  .shown  in  the  following: — 
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Siphon  Percolator  * — This  form  of  percolator  was  designed  by 
Dr.  yquibb,  who  claims  for  it  the  following  merits;  it  combines 
maceration  with  percolation,  enabling  the  operator  to  vary  the 
amount  of  maceration  easily  during  the  process ;  it  controls  the  rate 
of  percolation  perfectly,  and  renders  the  percolatioa  uniform 
throughout  the  mass  of  substance,  independent  of  the  packing, 
hence  it  requires  less  skill  and  experience  in  packing  to  obtain  a 
given  success  in  result ;  it  is  economical  on  the  material,  and  as 
nearly  automatic  and  self-controlling  as  a  piece  of  apparatus  can 
well  be,  and  therefore  requires  the 
least  time  and  attention ;  it  sue-  ^'*'  ^*'®- 

cessfully  exhausts  substances  in 
coarse  powder  better  than  the 
usual  forms,  hence  it  is  better 
adapted  for  the  use  of  the 
apothecary  than  the  usual  form, 
which  requires  a  great  deal  of 
care  and  skilful  manipulation. 

Fig.  308  illustrates  one  form  of 
this  percolator  best  adapted  for 
handling  smaller  quantities  of 
the  drug.  The  description  given 
by  Dr.  Squibb  in  his  paper  before 
the  American  Pharmaceutical 
Associationinl872isasfollowB: — 

"The  percolator,  a,  is  of  the  form  of  the 
modem  glas  percolator,  somenhat  ftaDnet- 
shaped,  to  allow  BUbetaucce  to  swell  with- 
oat  becoming  impacted,  having  no  onttet 
at  the  Imttom  ;  the  delivery  tnbe  being 
eonverted  into  a.  solid  stem,  and  this  ter- 
iniDating  io  an  onlinarj  circular  foot  upon 
which  the  percolator  is  supported.  The 
total  height  is  l&j  to  16  inches,  or  about 
40  centimeters,  of  which  nbont  4  iocht*, 
or  10  centimeters,  is  foot  and  Hteni.  The 
interior  dimensions,  to  accommodate  con- 
veniently an  otHcial  portion  of  16  tro;  Slpboa  Percolntor. 
oancea  of  an;  powder,  however  light,  and 

a  Kood  portion  of  menatmom  above  it,  ia  11}  inches,  or  26  centimeters,  deep,  5} 
inchea,  or  14  centimetent.  acroee  the  top,  and  2  inches,  or  5  tentimeters,  across  the 
bottom,  which  shonld  be  flat,  as  shown  in  the  drawing,  and  not  cop-shaped,  as  the 
glass  blowers  are  apt  to  leave  it.  A.  tint  of  glass  is  made  upon  the  upper  edne  or 
lip  to  thicken  it,  and  this  lip  is  groond  off  so  that  the  cover  may  fit  accnrately  to 
prevent  loss  by  evaporation. 

"  A  disc  of  flannel  or  blanket,  b,  is  cut  so  as  to  lie  flat  npon  the  bottom,  which  it 
entirely  covers. 

"  Another  disc  of  the  same  material,  bat  a  little  larger,  e,  is  made  with  a  cmdal 
incision  in  the  center,  so  that  it  may  ho  stretched  over  the  end  of  the  well  tnbe. 

"The  central  or  well  tube,  e,  is  a  simple  piece  ofglans  tube  about  13  inches,  or  30 
centimeters,  loDgliy  j  to  j  ofaninch,  or  li  to2i«ntimeters,  internal  diameter.  Over 
one  end  of  tliis  well-tutie  the  upper  disc  of  blanket  is  stretched,  the  end  being 
pushed  through  the  crucial  cut  so  that  the  disc  fits  tightly  on  the  tube,  the  four 
comers  made  by  the  crucial  cut  being  reflected  np  imainst  the  aides  of  the  tube. 
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The  disc  is  then  slipped  up  to  the  other  end  of  the  well-tnbe,  and  w  tied  firmly  on 
to  the  tube  by  small  twine  or  thread  wrapped  around  the  oornerti  of  the  disc  where 
they  are  reflected  up  against  the  tube. 

**  A  disc  of  filtering-paperf  d^  larger  than  the  blanket,  with  a  crucial  cut  in  the 
center,  is  cut  in  toward  the  center  around  the  edge  so  as  to  lie  flat  against  the  sides 
of  the  percolator  where  reflected  up  against  them.  This  disc  of  paper  is  pushed 
down  upon  the  upper  blanket. 

'*  If  now  a  piece  of  paper  be  twisted  around  the  upper  end  of  the  well  tube,  or  a 
cork  be  temporurily  stuck  into  it,  the  percolator  is  ready  to  receive  its  charge,  which 
is  packed  in  around  the  well-tube  and  upon  the  discs  of  paper  and  blanket  so  as  to 
occupy  the  lower  part  of  the  body  of  the  percolator,  h. 

*' When  the  charge,  having  been  properly  moistened,  rubbed,  and  sifted,  is  packed 
in  around  the  well-tube,  its  surface  is  covered  by  a  disc  of  muslin,  t,  of  proper  size, 
and  this  is  held  in  place  conveniently  by  some  fragments  of  broken  glass  thrown  in 
upon  it.  The  percolator  is  then  ready  to  receive  the  menstruum  or  weak  percolate, 
and  enough  of  this  should  be  poured  on  at  once  to  ftiUy  saturate  the  entire  sub- 
stance. The  liquid  then  passes  down  like  a  piston,  forcing  the  interstitial  air  out 
through  the  blankets  into  the  well  tube,  whence  it  escapes  freely. 

**  A  snugly  fitting  cover,  j^  is  the  next  requisite,  to  prevent  unnecessary  loss  by 
evaporation.     This  is  very  conveniently  made  from  sheet  rubber,  i  to  f  inch,  or  ^  to 

1  centimeter,  in  thickness.  A  disc  7  inches,  or  18  centimeters,  in  diameter  has  a  hole 
cut  in  its  center,  by  means  of  a  wet  cork  borer,  of  such  a  size  as  to  slip  easily  over 
the  upper  end  of  the  well-tube.  As  it  is  troublesome  to  raise  this  cover  every  time 
the  percolator  is  to  be  supplied  with  liquid,  it  may  be,  by  means  of  a  sharp  knife, 
kept  wet  and  directed  by  a  ruler,  cut  nearly  through,  so  that  the  uncut  part  of  the 
thickness  serves  at  once  as  a  hinge  and  a  spring,  and  permits  a  part,  say  one-third, 
of  the  cover  to  be  raised  without  raising  the  remainder,  as  shown  in  the  drawing. 

'*The  percolator  is  now  charged  and  in  readiness  to  start  the  percolation.  The 
menstruum  will  have  passed  down  through  the  whole  of  the  substance  and  will 
have  arisen  in  the  well-tube  to  nearly  the  same  level  as  that  of  the  liquid  on  top, 
and  the  entire  mass  will  be  saturated  and  in  maceration  ;  and  the  whole  arrange- 
ment will  represent  a  well  dug  in  the  soil  of  the  wet  substance.  Now,  to  pump  out 
that  well  at  a  rate  no  faster,  but  just  as  fast,  as  the  saturated  liquid  passes  into  it 
through  the  porous  strata  at  the  bottom,  is  the  final  step  of  the  process. 

*'This  is  most  conveniently  done  by  a  siphon,/,  which  can  be  easily  raised  or 
lowered  through  the  whole  depth  of  the  well.  This  siphon  is  made  of  glass  tubing 
of  about  i  inch,  or  3  millimeliers,  bore,  bent  twice  at  right  angles,  the  two  legs  about 
12^  inches,  or  31  centimeters,  long,  and  4^  inches,  or  1 1  centimeters,  apart.  The  outer 
leg  is  a  little  longer  than  the  inner  one,  and  turned  up  upon  itself  for  about  }  inch,  or 

2  centimeters,  as  shown  in  the  drawing.  The  legs  should  have  only  such  a  differ- 
ence in  length  that  the  inner  one  should  reach  the  bottom  of  the  well  when  required, 
and  when  measured  upon  the  outer  one  should  reach  to  about  half  the  length  of  the 
short  tnrned-up  portion.  This  arrangement  prevents  the  entrance  of  air  into  the 
siphon,  and  thus  prevents  it  from  emptying  itself,  for  when  the  liquid  is  drawn 
over  by  the  siphon  until  the  surface  falls  to  the  level  of  the  tumed-up  point  at  the 
outer  end,  the  columns  of  liquid  will  be  of  equal  length  and  will  counterbalance  each 
other,  and  the  flow  will  cease.  But  as  soon  as  the  outer  level  is  raised  by  the  addi- 
tion of  fresh  liquid  the  flow  will  recommence  at  a  rate  proportionate  to  the  difference 
of  level.  It  is  this  automatic  and  constant  self-regulating  action  of  the  siphon  that 
enables  the  design  of  this  percolator  to  be  carried  out  in  practice,  and  the  facility 
with  which  the  siphon  is  raised  or  lowered  in  the  well  gives  the  operator  perfect 
control  over  the  process. 

*'  One  or  more  short  pieces  of  concentric  india-rubber  tubing,  ^,  stretched  tightly 
upon  the  inner  end  of  the  siphon,  but  fitting  loosely  in  the  well-tube,  serve  to  guide 
the  lower  end  of  the  siphon  and  keep  it  near  the  center  of  the  well-tube. 

'*  Other  short  pieces  of  rubber  tubing  of  different  sizes,  one  over  the  other,  so  as 
to  form  a  soft  stopper  for  the  upper  end  of  the  well-tube,  as  shown  at  X:,  completes 
the  guide  by  which  the  siphon  is  kept  in  proper  position.  The  inner  piece  of  tub- 
ing compobing  this  stopper  shonld  l>e  large  enough  to  move  freely  and  easily  upon 
the  siphon,  while  the  outer  piece  should  fit  the  well-tube  snugl3\  Then  when  the 
siphon  is  raised  to  the  desired  position  and  this  stopper  pressed  into  the  well-tube 
lightly,  it  pinches  the  siphon  lightly,  but  sufficiently  to  hold  it  in  the  desired  posi- 
tion and  to  enable  the  operator  to  change  the  position  at  will  without  deranging  the 
apparatus 
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"A  recsiiiDg  flEwk  or  bottlo,  I,  auurked  m  the  neck  or  at  Bonie  convenient  plac«  to 
tbe  meaaure  of  a  pint,  and  some  wooden  blocfca  to  eapport  tbis  receiver  at  Tarious 
heights,  completes  the  apparatna.  When  the  mouth  of  the  receiver  is  led  upon  the 
aame  level  as  the  liquid  in  tbe  percolaUir,  of  coorae  the  receiver  can  never  run  over, 
and  tills  ia  the  position  to  which  the  receive  should  be  bloi^ed  up  when  left  for  the 
night  or  for  a  longer  time.  The  liquid  will  then  accumulate  in  the  receiver  more  and 
more  elowl^,  immersing  the  end  of  the  Bipbon,  antil  the  level  approaches  or  reacbes 
that  of  the  liquid  in  the  peTCoUtor,  and  will  then  remain  at  rest,  bnt  in  readiness  to 
start  at  anv  moment  when  the  levels  maj  be  disturbed  either  bj  a  fresh  supply  of 
liquid  to  the  percolator  or  by  lowering  the  receiver. 

Fm   3nB. 


siphon  Percolitor. 

"In  order  tosavespnce  at  the  top  of  the  drawing,  the  siphon  is  represented  at 
nearly  its  lowest  posiHon,  a  position  rarely  required  except  at  tbe  end  of  a  percola- 
tion when  the  very  last  portions  of  liqnid  are  to  bedraint^lolf.     The  position  of  the 

siphon  is  to  be  regulated  by  the  rate  of  flow,  and  tbe  pueition  r^nlates  the  rate  of 
flow.  Therefore  this  rate  must  be  arbitrarily  adopted  in  view  of  the  fact  that  the 
slower  the  rate  the  more  effective  is  the  percolntion.  The  rat«,  upon  this  scale, 
shonid  never  exceed  twenty  to  thirty  drops  per  minute,  or  two  to  foar  flnidounces 
per  honr. 

"  When  the  percolation  is  ready  to  be  started,  that  is,  after  the  substance  is  nilly 
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saturated  and  a  stratam  of  liquid  lies  above  it  unabeorbed,  the  liquid  in  the  well 
will  be  found  to  have  arisen  nearly  to  the  level  of  the  liquid  outaide  the  well-tube. 
It  never  rises  quite  as  high  within,  because  this  liquid  is  more  dense  than  the  outer 
liquid,  and  the  column  is  therefore  heavier. 

'^  The  siphon  is  then  introduced  and  fixed  by  the  stopper  in  such  a  position  that 
the  inner  end  is  immersed  in  the  liquid  of  the  well  to  the  extent  of  two  or  three 
inches.  The  siphon  is  now  ready  to  be  started.  The  starting  is  perhaps  best  done 
by  means  of  a  short  piece  of  small  rubber  tubing  on  the  end  of  a  longer  piece  of  glass 
tubing.  The  rubber  tubing  should  fit  snugly  over  the  turned-up  end  of  the  siphon, 
and  then  by  suction  with  the  mouth  through  the  glass  tube  the  siphon  is  carefully 
filled  from  the  welL  Before  slipping  off  the  rubber  end  of  the  suction  tube 
from  the  end  of  the  siphon,  the  receiver  is  to  be  put  in  place,  so  that  the  first  drops 
from  the  siphon,  as  well  as  those  which  may  have  passed  into  the  suction-tube,  will 
fall  into  the  receiver.  The  rate  of  flow  may  be  very  rapid  for  a  few  moments,  but 
will  soon  diminish  to  uniformity  as  the  levels  become  a^usted  to  the  uniformity  of 
the  rate  of  flow.  If  this  rate  be  more  than  twenty  drops  per  minute  the  siphon  is 
to  be  raised  carefblly,  and  a  little  at  a  time,  so  as  not  to  expose  the  end  above  the 
liquid  in  the  well,  and  thus  allow  the  air  to  enter  the  siphon,  until  the  required 
rate  is  attained.  As  the  rate  varies  with  the  varying  density  of  the  percolate  dur- 
ing the  process  the  siphon  is  to  be  from  time  to  time  raised  or  lowered  so  as  to 
restore  it  to  the  desired  standard.  When  exhaustion  is  practically  effected,  the 
siphon  is  pushed  down  to  the  bottom  of  the  well  and  all  the  liquid  drained  off. 
The  exhausted  substance  may,  by  care,  be  then  removed,  and  replaced  by  a  fresh 
portion,  without  disturbing  the  well  tube  or  discs  of  blanket  and  paper,  which  is  a 
considerable  advantage  in  reperoolation,  where  the  same  drug  is  used  in  successive 
portions. 

*'  The  difference  in  drugs  and  their  menstrua,  and  difference  in  the  fineness  of  the 
powders  used,  requires  a  difference  in  the  position  of  the  siphon  for  every  percola- 
tion in  order  to  attain  a  uniform  rate.  In  a  few  drugs  in  fine  powder,  and  packed 
pretty  firmly,  the  siphon  requires  to  be  kept  down  at  the  bottom  of  the  well,  par- 
ticularly in  repercolations  when  dense  weak  percolates  are  used  on  top,  from  the 
very  first  start,  and  even  then  the  rate  will  often  be  far  below  the  standard  of 
twenty  drops  per  minute.  But  such  percolations  are  always  very  successful,  and 
very  economical  except  in  the  time  required.  When  the  powder  is  very  coarse  and 
the  menstruum  thin  and  light,  the  siphon  is  kept  very  high.'' 

A  larger  form,  is  that  illustrated  in  Fig.  309,  which  represents  a 
stoneware  pot  of  about  2  gallons  (about  7.6  liters)  capacity,  10 
inches  (24  Cm.)  high,  10  inches  across  the  top,  by  about  6  inches 
14.4  Cm.)  across  the  bottom,  inside,  holding  about  5  to  6  pounds 
2  to  3  kilos).  These  pots  should  be  well  glazed  inside ;  they  are 
made  of  all  sizes,  adapted  to  quantities  up  to  200  or  300  pounds. 
The  manner  of  filling  and  the  subsequent  operations  are  the  same 
as  those  mentioned  under  the  preceding. 

Pressure  Percolation. — For  the  purpose  of  hastening  the  oper- 
ation of  percolation,  two  methods  have  been  proposed :  one  by  creat- 
ing a  vacuum  below  the  drug  in  the  percolator,  thereby  increasing 
the  pressure  above,  and  the  other,  by  means  of  hydrostatic  pressure 
caused  by  a  column  of  menstruum  supplied  from  a  reservoir  at  a 
height  of  from  5  to  10  feet.  This  latter  is  the  embodiment  of 
the  principle  of  the  old  ReaPs  pressure  apparatus  (page  191). 
There  are  a  number  of  different  forms  of  this  pressure  per- 
colator, among  which  are  those  of  Stearns,  Rosen wasser, 
Suits,  Berry,  Anderson,  and  Lentz.  They  all  differ  slightly 
in  various  points  of  construction,  but  the  principle  of  all  is 
tlie  same,  namely,  the  rapid  percolation  or  drugs  by  forcing  the 
menstruum  at  a  greater  rate  of  speed  than  ordinarily  attained. 
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These  instrument  may  be  used  with  advantage  in  some  cases, 
for  instance,  for  squills  or  calumba,  which  swell  considerably, 
and  allow  the  percolate  to  pass  only  slowly.  However,  the  opera- 
tion should  not  be  hurried,  otherwise  the  particles  of  the  drug 
are  liable  to  be  simply  washed  with  the  menstruum.  In  order 
that  percolation  may  be  successful,  time  must  bo  given  to  the 
menstruum  to  penetrate  the  cells  of  the  drug,  and  to  take  up  the 
soluble  matter,  otherwise  a  satisfactory  exhaustion  cannot  be  ex- 


pected. The  apparatus  devised  byLentz(Fig3. 310, 311)  will  illus- 
trate the  application  of  the  principle.  The  percolator,  h,  is  made  of 
tiimed  copper,  provided  below  with  a  light  cover,  having  a  stop- 
cock, m,  as  outlet  for  the  percolate ;  this  cover  is  made  air-tight  by 
a  rubber  ring  being  laid  between  the  flat  edges,  held  in  position 
by  means  of  clamps.  The  powdered  drug  rests  upon  the  per- 
forated bottom,  g,  being  held  in  position  by  the  adjustable  porous 
diaphragm, i,  which  is  pressed  down  on  the  surface  of  the  powder. 
The  menstruum  is  supplied  from  the  reser\'oir,  b,  which  can  be 
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raised  to  any  height  desired.  The  Suits  Pressure  Percolator  is 
made  of  gloss,  so  that  the  entire  operation  can  be  seen;  this  is 
also  provided  with  a  rubber  bulb  air-pump  for  producing  air 
pressure  when  hydrostatic  pressure  is  no  longer  available. 

Vacuum  Percolation. — This  method  of  percolation  was  pro- 
posed by  Duffield  in  1869.  This  consists  in  introducing  the 
powdered  moistened  drug  into  a  tight  cylinder  and  exhausting  as 
much  as  possible  of  the  air  by  means  of  a  pump.  Thus  by  the 
removal  of  the  air  enclosed  in  the  interstices  of  the  drug,  the 
menstruum  is  enabled  to  penetrate  the  drug  more  rapidly  and 
thoroughly,  thereby  facilitating  maceration  and  subsequent  ex- 
haustion.   An  apparatus  (devised  by  W,  M.  Thomson),  based  on 


PennlMor  iiilh  Air  Pump. 

this  principle,  is  shown  in  Fig.  312.    The  following  description  is 
that  given  by  R.  F.  Fairthorne.* 

"  The  shape  of  the  percolator  differs  somewhat  from  the  usual 
form,  being  to  some  extent  egg-shaped,  whereby  free  percolation  is 
insured.  The  cover  (B),  which  is  hemispherical  in  shape,  is  fastened 
upon  the  body  (A)  by  means  of  clamps,  with  india-rubber  rings 
between  to  render  the  joint  air-tight.  The  drug  to  be  operated 
on,  having  been  sufficiently  moistened  with  the  menstruum  and 
packed,  is  next  exhausted  of  as  much  air  as  possible  by  a  vacuum 
being  produced  through  the  upper  part  of  the  vessel  by  means  of 

"Awur,  Jour.  Piar.,  I«S3,  p.  237. 
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an  air-pump  (G),  which  is  connected  with  it  by  means  of  the  tube 
(F).  The  stop-cock  (H)  is  next  closed  and  (M)  opened,  connecting 
with  the  tube  (E),  the  end  of  which  dips  into  the  liquid  to  be 
employed  as  menstruum,  and  thereby  a  sulBcient  quantity  of  it 
is  allowed  to  be  drawn  into  the  displacer  to  cover  the  drug.  The 
stopcock  (M)  is  then  closed  and  the  materials  allowed  to  macerate 
for  several  days.  To  start  the  percolation  the  receiver  (C)  is 
exhausted  of  air  and  the  tap  (I)  having  been  opened  the  saturated 
fluid  will  begin  to  drop,  and  continue  to  do  so  so  long  as  the  force 
of  the  vacuum  in  the  receiver  is  equal  or  greater  than  that  in  the 
upper  vessel.  When  it  begins  to  stop,  air  is  admitted  above  the 
drug,  which  is  drawn  through  the  material,  carrying  with  it  much 
of  the  remaining  liquid.  To  finish  the  operation  air  is  forced 
into  the  percolator  by  means  of  the  pump. 


Fio.  313. 


Hot  Extraction. — For  the  exhaustion  of  a  drug  by  means  of 
a  hot  menstruum  various  forms  of  ap- 

Earatus  have  been  offered ;  very  few, 
owever,  are  adapted  for  the  use  of  the 
apothecary  for  extracting  from  one  to 
five  pounds  of  drug.  One  of  the  most 
convenient  forms  for  pharmaceutical 
operations  is  Lewin's  Extraction  Ap- 
paratus (Fig.  313).  This  is  adapted 
for  (1)  continuous  extraction  with  hot 
mejistruay  (2)  continuous  extraction  with  ii 
cooled  menstrua,  (3)  recovery  of  the  & 
menstrua  from  the  finished  extract  by  z 
direct  distillation.  The  apparatus  is 
composed  of  three  easily  separable  prin- 
cipal parts :  C,  the  tinned  copper  still , 
B,  the  copper  percolator,  which  is  pro- 
vided with  three  movable  sieve  bottoms 
for  the  reception  of  the  substance  to  be 
extracted.     A  is  the  condenser. 

Far  the  Continuow  Extraction  with  Hot  Solvents^ 
the  vapors  pa«8  from  the  stiU^C,  in  the  tube  i,  and 
enter  through  the  tri-fancet  /,  when  in  position  a, 
through  tube^f  into  the  perct)1ator,  B^  penetrate  the 
snhstance  to  he  extracted,  and  condense.  The  per- 
colate passes  into  the  receiver  and  from  this  flows 
through  thetri-fauoet  ///,  in  its  position  a,  through 
the  tube  7,  again  into  the  still,  to  repeat  this  conrae 
as  long  as  may  be  necessary  or  desirable.  To  pre- 
vent pressure  in  the  apparatus,  the  tube  S  is 
removed  during  this  operation,  and  the  tri-faucet  //  is  placed  in  position  a.  This 
admits  the  vapor  into  the  cooling  worm,  A,  which  thus  forms  a  safety  valve. 


Leirin*B  Extraction  Apparatus. 


For  the  Continuous  Extraction  with  Cooled  Solvents^  the  vapors  pass  from  the  stiU,  C, 
into  the  tube  i,  and  enter  through  the  tri-&ucet  /,  in  its  position  5,  through  tube  jP, 
into  the  cooling  worm,  A^  from  this  as  liquid  through  the  tri-faucet  //,  in  its  position 
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o  tbe  Htill  aa 

For  the  Beeorerg  af  the  Solvent  from  tlu!  Ertraet  by  Dired  Di»iiUaiia»,  the  vapors 
past)  from  the  still.  C,  throa;;!)  tnbe  /,  through  the  tri-litDcet  /,  Id  its  poeitioD  b, 
thraagli  tube  g,  into  the  cooler.  A,  tbrongb  the  tri-faacet  II,  in  its  position  b,  into 
the  exit  tube  S,  which  latter  may  tie  tengthened  at  pleasure. 

Portions  of  the  percolate  ni»j  be  removed  from  the  receiver  at  pleasure  throntch 
the  tri-faacet  ///,  in  ita  poaitioa  e,  by  the  tubes  S  and  5.  All  of  tbe  tubes  are 
connected  or  disconnected  by  good  Bcren-jotnte. 

Fig,  314  illustrates  the  extraction  apparatus  of  C.  O,  Currier, 
which  recommends  itself  for  simpUcity  and  cheapness. 

pm    ^1 .  It  oonsista  of  a  dlaaa  flaak,  O ;  glaw  pen-olator,  E  ;  and  a 

'  '      '  condenser,  R.     The  condenser  is  the  only  part  that  wilt  have 

to  be  made  ;  the  other  parts  of  the  apparatus  are  to  be  Iband 
in  almost  every  laboratory.  The  condenser  is  a  modidcation 
of  tbe  Liebig  condenser,  consixting  of  a  nnmber  of  tubes 
instead  of  one,  thereby  increasing  the  condensing  surliice 
and  distributing  the  condensed  liquid  evenly  over  the  sor- 
fkce  of  the  drug.  The  condenser  is  made  in  the  following 
manner :  A  tube  of  tinned  copper  in  made  one  inch  less  iu 
diameter  than  the  top  of  the  percolator  to  be  used,  and  about 
two  or  three  times  as  long  as  its  diameter.  A  cap  of  tinned 
copper  (tinned  side  out)  is  fitted  to  each  end  of  tbe  tnbe. 
The  tube  is  traversed  by  tin  tubes  (made  by  cutting  off  block- 
tin  pipe  to  the  proper  length)  that  project  three-fourths  of 
an  iuch  below  the  lower  cap,  and  are  cut  off  obliquely  to 
&cililate  the  dropping  of  the  condensed  liquid.  One  of  the 
tabes,  A,  is  in  the  center,  and  passes  through  the  upper  cap 
about  six  inches,  to  whichahentsafety  tnbe  may  be  attached 
to  prevent  undue  pressure  to  the  apparatus.  The  other 
tubes,  G,  H,  C,  D,  are  closed  at  the  top  and  pass  into  the 
oondensiog  tubs  to  within  one-half  inch  of  the  top,  and  are 
arranged  in  a  circle  aronnd  the  central  one.  Their  number 
can  be  increased  or  diminished  ncrarding  to  the  size  of  the 
apparatus,  lour  or  five  being  sufficient  lor  a  pint  percolator. 
Holes  for  these  tulKn  should  be  made  through  the  lower  cap 
jnst  the  size  of  the  tubes,  and  the  tnbes  soldered  to  the  cap 
2.  on  the  inside  before  the  cap  in  soldered  to  the  condensing 
tube.  A  small  brBHS  tube,  F,  isiusertedin  thecondensernear 
the  bottom  and  one  near  the  top,  B,  for  the  entrance  of  cold 
water  and  exit  of  warm  water.  A  cork  is  chosen  that  will 
fit  tightly  into  the  top  of  the  percolator,  and  a  circular  piece 
cot  out  of  it,  just  the  size  of  the  condenser,  R,  and  is  put 
upon  the  lower  part  of  it  at  E.  The  cork  can  be  kept  in 
place  and  prevented  from  slipping  up  tbe  tnbe  when  press- 
ing into  the  percolator  by  soldering  a  collar  of  tin  tn  the 
condenser  at  a  distance  from  the  bottom  equal  to  the  thick- 
ness of  the  cork. 

The  apparatua  is  used  in  the  following  manner  :    A  cork, 

N,  with  longitudinal  channels  cut  in  its  snrlace,  is  inserted 

in  tbe  neck  of  the  percolator,  K  ;  through  the  center  of  the 

cork,  a  glase-tnbe,  L,  is  passed  to  within  two  Inches  of  the 

top  of  the  percolator.     The  tube  should  be  bent  over  at  the 

E  irmcJi'"^'!*''"  niu9       **'P'  ^  prevent  its  being  clogged  up  by  the  drug  while  pack- 

1         on     ppm  .^^^  .^  .^j^  ij^^  percolator.     A  little  cotton  is  placed  in  the 

percolator  and  pressed  down  upon  tbe  cork,  and  the  drag 

packed  in  the  nsnal  manner.     The  percolator  is  then  fitted  into  the  neck  of  the 

tlosk,  O,  by  means  of  a  perforated  cork,  M,  the  liquid  to  be  nsed  asameDStninm 

having  been  previously  put  in  the  flask.     The  condenser  is  then  connected  firmly 

with  the  top  of  tbe  percolator.     The  joints  are  luted  with  ground  flax-seed  mixed 
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into  a  stiff  paste  with  water.  The  tahe  F  is  connected  with  a  supply  of  cold  water 
by  means  of  a  rubber  pipe,  and  the  tnbe  B  with  a  sink,  or  waste-pipe.  The 
apparatus  thus  put  together  is  placed  in  a  water-bath  and  the  heat  applied.  The 
flask  should  be  iinmexied  in  the  water  to  the  point  marked  S  on  the  neck.  After 
the  drug  is  exhausted  the  percolator  is  removed  frora  the  flask  and  the  flask  is  con- 
nected by  means  of  a  bent  tube  with  a  Liebig's  condenser,  and  the  liquid 
recovered. 

For  apparatus  adapted  to  the  extraction  of  smaller  amounts  of 
substances,  see  Oleoresins,  page  290. 
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CHAPTER    XXV. 

EXPRESSION. 

Expression  is  forcible  straining.  The  separation  of  fluid  from 
solid  matter  is  effected  in  small  operations  by  hand,  the  straining 
cloth  being  used  (Fig.  256).  On  the  larger  scale,  as  in  the  removed 
of  the  last  portions  of  fluid  from  drug  residues,  it  is  accomplished 
by  means  of  presses  or  the  centrifugal  machine.  Expression  is  a 
necessary  part  of  the  process  of  Maceration ;  it  is  also  required  in 
the  operations  of  Percolation,  for  the  removal  of  menstruum 
adhenng  to  the  dregs  or  "marc."  In  some  instances,  the  mass  is 
thrown  directly  into  the  press  or  centrifugal  machine;  in  others, 
it  is  first  enveloped  in  a  strainer  of  press  cloth,  before  being  sub- 
jected to  pressure. 

For  the  purpose  of  enclosing  the  material  which  is  to  be  subjected 
to  pressure,  we  employ  the  press-cloth  or  bag ;  this  must  be  made 
of  a  material  sufficiently  strong  to  withstand  great  pressure  with- 
out rupture.  For  this  purpose  strong  canvas  may  be  used,  or, 
better,  the  so-called  press-cloth,  which  is  specially  made  for  this 

Eurpose.  In  conducting  the  process  of  expression,  pressure  should 
e  applied  very  slowly,  otherwise,  should  the  substance  contain 
much  fluid,  the  cloth  will  be  ruptured.  After  the  greater  part  of 
the  liquid  has  been  pressed  out  and  the  pulp  has  become  firm,  the 
pressure  may  be  gradually  increased  to  the  full  power  of  the  press. 
The  compression  should  be  carried  on  in  stages,  the  press  being 
allowed  to  rest  a  few  moments  after  each  increase  of  pressure,  thus 
allowing  a  new  portion  of  the  fluid  an  opportunity  to  drain  off", 
and  at  the  same  time  affording  the  particles  of  the  mass  an  oppor- 
tunity to  assume  their  new  positions  in  closer  contact.  Each  sub- 
sequent increase  of  pressure  will  require  a  comparatively  smaller 
effort. 

Screw  Presses. — Fig.  315  illustrates  the  more  common  form, 
which  consists  of  a  vertical  screw  operated  by  a  lever,  the  lower 
end  of  this  screw  fitting  into  a  cavity  in  the  top  of  the  plunger, 
which  is  free  to  move  about  in  the  limited  space  of  the  cylinder. 
The  body  of  the  press  consists  of  an  outer  metallic  casing,  which 
serves  to  receive  the  fluid  when  forced  through  the  perforated 
sides  of  the  inner  cylinder.  All  the  parts  of  the  press,  wnich  come 
in  contact  with  the  drug  or  fluid,  should  be  well  tinned,  to  pre- 
vent rusting,  also  to  avoid  discoloration  or  injury  to  the  product 
should  it  contain  tannin-like  principles  or  acids.  The  drug  to  be 
expressed  should  be  first  carefully  enveloped  in  a  moistened  press- 
cloth  (if  straining  has  not  been  performed),  care  being  taken  to 
fold  over  the  corners,  so  as  to  form  a  square,  compact  pack.     For 
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this  purpose,  the  cloth  should  be  sufficiently  lai^,  so  that  there 
may  be  no  danger  of  the  drug  being  forced  out.    The  pack,  or 
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the  loose  drug,  if  it  should  require  no  press-cloth,  should  be  placed 
uniformly  in  the  cylin- 
der, so  that  it  may  re-  ^"^  ^"' 
ceive  equal  pressure  on 
all  sides. 

Fig.31CiUu3tratesthe 
Differential-arm  Screw 
Press,  in  which  the  arm 
is  moved  hack  and  for- 
ward in  a  half-circle, 
whereby  the  screw  is 
forced  ciownward.  This 
is  the  most  powerful 
hand  screw  press  made. 

Fig.  317  illustrates 
an  elegant  screw  press 
desigued  by  Prof.  Witt, 
which  is  specially 
adapted  for  expressing 
strongly^cid  oralkaline 
liquids  from  masses.  It 
recommends  itself  for 
all   purposes,  since  the 

press-block  and  all  the  wiu'<pii»rmMntc*ip™.. 

parts   with    whicli   the 
fluid  comes  in  contact  are  made  of  the  strongest  porcelain. 
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A  very  convenient  form  of  press,  which  can  be  operated  with- 
out the  use  of  the  press  cloth,  is  the  Enterprise  Screw  Press  (Fig, 
318).  This  consists  of  a  horizontal  conical  cylinder  having  a  hop- 
per on  the  upper  side  of  the  larger  end.  A  tapering  screw  fits 
closely  to  the  inner  surface  of  the  case,  on  the  under  side  of  which 


is  a  narrow  channel,  into  which  slides  a  perforated  brass  strip, 
which  permits  the  escape  of  the  expressed  fluid  below.  The  sub- 
stance IS  fed  into  the  nopper,  where,  by  means  of  the  revolving 
screw,  it  is  carried  forward  and  forced  into  a  smaller  and  smaller 
space,  undergoing  thereby  a  gradually 
■  increased    pressure,    being    finally  dis- 

charged, in  a  dry  condition,  through  a 
small  opening  in  the  end  of  the  cylin- 
der. Tills  opening  may  be  regulated  by 
means  of  a  thumtscrew,  which  controls 
the  amount  of  pressure  to  which  the 
material  is  subjected.  This  screw  press 
is  employed  largely  for  the  recovery  of 
juices  from  berries  and  fruits. 

The  Wedge  and  Double  Screw  Presses 
are  somewhat  antiquated,  and  are  not 
now  employed  in  Pharmacy,  since,  owing 
to  their  construction,  they  are  cumber- 
some and  entail  considerable  loss  of  fluid. 
:  For  pressing  larger  amounts,  a  very  good 
form  is  the  Kn^-lever  Press  (Fig,  319), 
Kne^Lerer  Prat  wliich   consists  of    a   horizontal   screw, 

operated  by  means  of  either  a  spoked 
wheel  or  ratchet  bar,  causmg  the  knee  to  be  raised  or  lowered. 

Hydrostatic,  or  Hydraulic  Press. — This  is  the  most  power- 
ful of  all  the  various  presses  employed.    Its  action  depends  on 
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the  well-known  law  of  equality  of  pressure,  namely,  that  a  "pres- 
sure exerted  anywhere  upon  a  mass  of  liquid,  is  transmitted  un- 
diminished in  all  directions,  and  acts  with  the  same  force  on  all 
equal  surfaces,  and  in  a  direction  at  right  angles  to  those 
surfaces," 

There  are  various  forms  of  presses  depending  on  this  principle, 
a  more  familiar  form  being  uluatrated  in  Fig.  820.  It  consists 
of  a  heavy  steel  cylinder,  B,  in  which  a  cast-iron  ram,  P,  works, 
supporting  the  plate  on  which  the  material  to  be  pressed  is  placed. 
Four  strong  columns  support  and  fix  Q.  By  means  of  the  force- 
pump,  A,  which  works  oy  means  of  a  lever,  M,  water  is  driven 
into  the  cylinder  through  the  tube,  K,  forcing  the  ram,  P,  upward. 
If  the  area  of  P  is  ten  times  greater  than  that  of  p,  then  a  pres- 
sure of  one  hundred  pounds  transmitted  through  the  lever,  M, 
will  exert  an  upward  pressure  of  one  thousand  pounds  on  P. 


The  Centrifugal  Machine  (or  Centrifuge). — As  a  means  for 
the  thorough  and  rapid  seijaration  of  fluids  from  solids,  the  cen- 
trifugal machine  forms  an  invaluable  part  of  the  outfit  of  many 
industries.  It  is  used  to  separate  the  syrup  (mother-liquor)  from 
sugar  crj'stals;  also  in  the  preparation  of  ammonia-soda  in  the 
Solvay  process ;  in  the  removal  of  water  from  heavy  precipitates; 
for  removing  the  water  retained  by  masses  of  cotton  in  the  manu- 
-  facture  of  absorbent  cotton,  etc.,  etc.  The  centrifugal  machine 
is  employed  by  the  chemist  in  separating  crystalline  masses  from 
the  mother  liquor ;  in  the  separation  of  tats  from  milk ;  the  rapid 
separation  of  precipitates  in  analytical  operations,  etc.  The  cen- 
tnfugal  machme  is  also  useful  to  the  pharmacist  for  the  separa- 
tion of  fruit-juices  from  their  pulp,  also,  for  the  removal  of  fluid 
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matter  from  drug  residues.    While  it  does  not  remove  the  fluid 
as  completely  as  a  powerful  press,  yet  it  is  exceedingly  useful  iu 


* TTndar-DrlTen  Tjpn."  *OT«r-DrlT«i  Tjpe." 

CentriAipil  MacbiDM. 

many  such  operations.    The  machine  consists  essentially  of  a 
Pjjj  323  perforated    cylindrical  cage,  fixed    to 

a  central  shaft,  and  surrounded  by  a 
case.  The  inner  cage  revolving  at  a 
high  rat«  of  speed  {up  to  several  thou- 
sand revolutions  per  minute),  anything 
contained  in  it  is  driven  to  the  circum- 
ference, and  if  it  be  of  a  sufficiently 
fluid  nature,  it  passes  out  through  the 
perforations  in  the  cage,  and  flies  off 
tangentially.  If  we  desire  to  free  crys- 
tals from  their  mother-liquor,  or  to 
separate  the  adhering  menstruum  from 
a  drug,  we  place  them  in  the  centrifugal 
machine,  wnereupon  the  mother-liquor, 
or  fluid,  escapes  through  the  perfora- 
tions in  the  cage,  while  the  crystals,  or 
drug,  are  left  behind.  Figs.  321  and 
322  illustrate  small  machines,  such  as 
.  I    ,     ^„.^«    , « ^.  are  intended  for  the  laboratorv.     The 

one  intended  to  be  driven  by  hand 
belongs  to  the  so-called  "over-driven  type,"  the  other,  to  be  oper- 
ated by  a  water-motor,  is  of  the  "under-driven  type."    Fig.  323 
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illustrates  an  apparatus  adapted  for  minor  operations  in  the  micro- 
scopical and  pharmaceutical  laboratory.  As  shown  in  the  cut,  the 
tubes  containing  the  liauids  are  placed  on  the  conical  bed  attached 
to  the  pivoted  stem,  ana  are  held  securely  in  place  by  leather  straps 
and  by  depressing  the  cover  lid,  which  is  fastened  by  means  of  a 
slot.  The  apparatus  is  set  in  motion  by  means  of  a  cord,  preferably 
gut,  which  IS  wound  around  the  axis,  the  action  being,  of  course, 
to  and  fro,  as  in  the  case  of  the  school-boy's  buzzer.  The  appar- 
atus must  always  be  evenly  and  symmetrically  ballasted,  so  as  to 
insure  even  action. 

Among  the  objects  frequentlv  subjected  to  centrifugal  action, 
for  the  purpose  of  separatmg  solids  from  the  liquid,  or  for  caus- 
ing the  neavier  suspended  solids  to  settle  at  the  bottom,  and  the 
lighter  suspended  solids  to  collect  at  the  top  of  the  liquid,  may  be 
mentioned  milk,  cream,  urine,  sputum,  fermenting  liquids,  etc. 


PART  II. 


CLASSIFICATION  OF  PHARMACEUTICAL  PREPARATIONS. 

The  various  classes  of  preparations  employed  in  pharmacy 
may  be  classed  according  to  their  physical  and  pharmaceutical 
characteristics : —  ^ 


LIQUIDS. 

I.  SOLUTIONS. 

Aqueous. 

Aqose— (Ii^ectiones  Hypodenuicze). 

Liquores. 

Infnsa. 

Decocta. 

Macilagmes. 

Acetous. 
Aoeta. 

Alcoholic,  ob  Hydboalcoholic. 

Spiritus. 

Vina  Medicata. 

Tincturse. 

TinctorsB  Herbanim  Recentium. 

Succi. 

Extracta  Floida. 

Sacchabixe. 

Syrupi. 
MeUita. 
Elixlria. 

Glycebin. 
Gljcerita. 

Oleic  Acid. 
Oleata. 

Ethebeal. 

Oleoresinte. 
CoUodia. 


SOLIDS. 

I.  Fob  Intebnal  Use. 

Polveies  (P.  Oompositi). 

TritarationeB. 

Oleosaochara  (or  Elsosacchaia). 

MaassB. 

Confectiones. 

Trochisci. 

Pilalffi. 

Tablettn. 

Extracta  (also,  Abstracta). 

fieeiiiae. 

II.  Fob  Extebxal  Use. 

Ungnenta. 

Cerata. 

Emplastra. 

Chartce. 

Suppositoria. 


II.  MIXTURES. 

Linimenta. 

MistarsB. 

Emulsa  (or  Emulsiones). 
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CHAPTER  XXVI. 

AQUEOUS  SOLUTIONS. 

AQVM  MEDICAT-^. 

AqucB  DestUlatat;  Medicated  or  DiatiUed  Waters.     Eaux  distilUes^  Hydrolats^ 

Fr.  ;  DesHUirte  Wasser^  Genu. 

Under  the  title  of  Aquae  is  understood  an  aqueous  solution  in 
which  distilled  water  is  quantitatively  the  main  constituent;  the 
solutions  being  clear,  free  from  undissolved  solid  matter,  and,  with 
few  exceptions  (Aqua  Chlori,  Picis,  etc.),  colorless. 

As  understood  by  the  U.  S.  Pharmacopoeia,  Medicated  Waters 
are  simple  solutions  in  which  water  has  been  impregnated  with 
volatile  substances.  Foreign  pharmacopoeias  recognize  under  this 
title  aqueous  solutions  of  certain  non- volatile,*  as  well  as  volatile 
substances. 

Many  of  the  aromatic  waters  are  employed  as  vehicles  for  the 
administration  of  remedies,  others  are  employed  internally  as 
medicines,  while  a  third  class  is  used  in  chemical  operations  and 
the  arts. 

According  to  their  method  of  preparation,  they  may  be  divided 
into  three  classes;  those  made  by 

1st.  Direct  Solution. 

2d.  Intermediate  Solution. 

3d.  Distillation. 

Direct  Solution. — In  those  instances,  where  the  substance  is 
readily  soluble  in  the  given  excess  of  cold  water,  solution  is  brought 
about  by  simple  agitation,  as  in  the  official  examples  of  Aqua 
Amygdalae  Amarse,  Aqua  Chloroformi,  and  Aqua  Creosoti.  We 
may  prepare  many  of  the  medicated  waters  by  simple  solution 
through  agitation  of  the  volatile  oil  with  hot  water  (at  about  50° 
C),  in  a  flask,  allowing  to  cool,  and  then  siphoning  oflF  the  clear 
solution,  or  removing  the  undissolved  oil  from  the  surface  of  the 
solution  by  means  of  a  wad  of  absorbent  cotton.  This  method  is 
based  on  the  fact  that  volatile  oils  are  more  soluble  in  hot  than  in 
cold  water;  hence,  by  preparing  a  supersaturated  solution,  and  then 
cooling  it,  a  saturatea  solution  will  result.  To  this  class  belong 
those  medicated  waters,  or  more  properly  chemical  solutions,  which 
are  obtained  by  dissolving  gases  in  cold  water.  For  their  method 
of  preparation  see  page  131.  The  official  examples  are  Aqua  Am- 
monise,  Aqua  Ammonise  Fortior,  Aqua  Chlori,  and  Aqua  Hydro- 


Aqua  Calcls. 
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genii  Dioxidi.*  These  solutions  should  be  kept  in  glass-stoppered 
bottles  in  a  cool  and  dark  place. 

Intermediate  Solution. — This  method  of  preparation  is  by 
far  the  most  satisfactory  and  convenient.  It  consists  in  saturating 
the  distilled  water  by  bringing  it  in  contact  with  the  volatile  sub- 
stance brought  to  a  very  finely  subdivided  condition  by  means  of 
some  intermediate  agent.  There  are  various  ways  of  accomplish- 
ing this.  Among  the  poorest  was  the  method  of  the  U.  S.  P.  of 
1880,  in  which  the  volatile  oil  or  alcoholic  solution  of  the  volatile 
substance  was  dropped  on  absorbent  cotton ;  this  was  directed  to 
be  picked,  so  as  to  distribute  the  material  as  much  as  possible ; 
then  the  cotton  was  inserted  in  the  neck  of  a  funnel,  distilled  water 
poured  over  it,  and  the  filtrate  returned  to  the  funnel  until  it  was 
saturated.  The  main  objections  to  this  process  were  that  the  cot- 
ton not  only  permitted  oily  particles  to  pass  through  into  the 
finished  preparation,  but  also  that  the  water  was  not  as  thoroughly 
saturatea  as  that  obtained  by  other  methods ;  since  it  is  impossible 
to  bring  about  as  thorough  a  state  of  subdivision  of  the  volatile 
body  by  means  of  cotton  as  by  the  method  of  trituration.  This 
latter  method  consists  in  thoroughly  triturating  the  volatile  sub- 
stance, or  a  solution  of  it,  with  some  insoluble,  inert  powder;  then 
adding  distilled  water  sufficient  to  form  a  smooth  paste,  after  which 
the  balance  of  the  water  is  slowly  added  under  trituration.  This 
milky  or  turbid  solution  is  poured  upon  a  plain  wetted  filter,  and 
the  solution  returned  until  it  passes  through  clear. 

Various  insoluble  powders  have  been  proposed,  such  as  mag- 
nesium carbonate,  kaolin,  talcum,  calcium  phosphate,  silica, 
i)owdered  pumice-stone,  precipitated  chalk,  etc.  The  most  satis- 
iactory  of  these  is  the  precipitated  calcium  phosphate,  which, 
owing  to  its  insolubility  and  freedom  from  soluble  impurities,  is 
adapted  to  all  classes  of  these  preparations. 

Magnesium  carbonate  4(MgC08).Mg(OH)2.5H20)  should  not 
be  employed  for  this  purpose,  since  there  is  sufficient  amount  of 
magnesium  hydroxide  (Mg(0H)2)  present,  which  goes  into  solu- 
tion, to  interfere  with  its  use  for  many  purposes.  Waters  prepared 
with  this  will  cause  the  precipitation  of  many  alkaloids;  react  with 
some  oils;  blacken  calomel  when  shaken  with  them  ;  also  cause 
the  decomposition  of  many  sensitive  chemicals,  such  as  silver 
nitrate,  gold  chloride,  mercuric  chloride  etc.  The  official  waters 
directed  to  be  prepared  by  intermediate  solution  are:  Aqua 
Anisi,  Camphone,  Cinnamomi,  Foeniculi,  Menthae  Piperitse,  and 
Menthee  Viridis.  The  medicated  waters  belonging  to  this  class 
should  be  prepared  from  the  very  best  grades  of  the  volatile  oil 
obtainable.  Old  resinified  oils  are  worthless.  These  waters  may 
also  be  prepared  by  the  following  method  of  distillation : 

Distillation. — This  method,  though  applicable  only  to  those 

*  Although  HjO]  is  not  a  gas  in  the  usual  sense  of  the  terra,  the  solution  is  classed  here  for  sake  of 
convenience. 
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waters  whose  aromatic  properties  are  due  to  the  presence  of  vola- 
tile oils,  yields  the  finest  quality  of  aromatic  waters.  In  the  pre- 
paration of  these,  a  copper  retort,  tinned  inside,  is  usually 
employed.  The  plant  parta  (leaves,  seeds,  crushed  bark,  etc.)  are 
pl&ced  in  a  wire  basket  or  cage,*  which  is  suspended  in  the  upper 
part  of  the  body  of  the  still,  so  that  only  the  steam  arising  from 
the  boiling  water  may  pass  upward  through  the  material  and  over 
into  the  condenser.  The  drug  should  not  come  in  contact  with 
the  boiling  water  nor  touch  the  heated  sides  of  the  retort.  It  is 
much  better  to  generate  the  steam  in  a  separate  vessel,  and  to  blow 
it  through  the  drug  contained  in  the  retort  as  shown  in  Fig.  153 
(or  324),  When  prepared  in  this  way,  aromatic  waters  keep  much 
longer  and  better,  and  are  far  more  fragrant,  because  by  the  old 
method  of  boiling  the  plant  parts  and  water  together,  the  boiling 


L  I>erfiinted  boUom 


water  took  up  all  the  extractive  and  mucilaginous  matter  of  the 
drug,  the  presence  of  which  not  only  injured  the  aroma  of  the 
distillate,  but  caused  matters  to  be  carried  over  which  interfered 
with  its  keeping  qualities.  Before  each  operation,  the  still  or 
retort  should  be  thoroughly  cleansed  by  blowing  steam  through 
it;  if  proper  cleanliness  is  observed,  the  dislilied  water  will  oe 
entirely  free  from  foreign  (retort)  or  empyreumatic  odor,  and  will 
keep  longer  and  better.  This  cleansing  should  take  place  im- 
mediately after  each  operation,  otherwise,  through  resinification  of 
particles  of  oil  remaining  in  the  retort,  it  will  be  found  almost 
impossible  to  remove  all  odor. 
Most  pharmacopceias  direct  that  the  leaves,  flowers,  crushed  or 
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cut  root  or  bark,  etc.,  be  macerated  in  water  from  10  to  12  hours 
before  distillation. 

For  each  100  parts  of  distillate  required,  it  is  best  to  employ 
from  10  to  20  parts  of  the  dry  seed  or  fruit,  and  10  parts  of  the  dry 
or  from  30  to  50  parts  of  the  fresh  leaves  or  bark.*  For  strong 
aromatics,  such  as  angelica,  juniper  berries,  cascarilla,  etc.,  25 
parts  of  the  drug  are  sufficient. 

Some  prefer  not  to  remove  any  volatile  oil  that  may  have 
separated  in  the  distillate,  but  to  transfer  the  entire  liquid  to  a  stock 
vessel  and  to  set  it  aside  after  thorough  agitation.  The  presence 
of  the  excess  of  oil  tends  to  keep  the  water  constantly  saturated, 
and  preserves  it  from  fermenting.  When  the  turbid  water  is  to 
be  dispensed,  it  should  be  passed  through  a  wetted  filter,  which 
serves  to  retain  the  separated  oil. 

The  U.  S.  P.  recognizes  two  waters  (concentrated)  made  by  dis- 
tillation, viz.,  Aqua  Aurantii  Florum  Fortior,  and  Aaua  Rosse 
Fortior,  which  are  known  in  commerce  as  "  triple,"  and  are  used 
in  preparing  the  weaker  Aqua  Aurantii  Florum  and  Aqua  Rosse, 
by  dilution  with  one  volume  of  distilled  water. 

Only  distilled  water  should  be  employed  in  preparing  the  offi- 
cial solutions,  as  well  as  in  carrying  out  tests.  Ordinary  hydrant 
water  often  causes  decomposition  of  such  sensitive  salts  as  silver 
nitrate,  potassium  permanganate,  etc.;  it  is  likewise  irritating 
when  used  in  preparing  eye-washes.  When  we  consider  the  low 
cost  and  the  convenience  with  which  pharmaceutical  stills  may 
be  run,  there  is  no  excuse  for  any  apothecary  in  substituting 
hydrant  water  for  distilled. 

It  is  not  within  the  province  of  the  pharmacist  to  prepare  these 
concentrated  (triple)  fragrant  waters;  hence  they  are  usually 
imported  from  southern  France  and  Italy,  or  other  countries 
where  the  orange  tree  and  rose  are  specially  cultivated.  Among 
the  best  known  distillers  of  fragrant  waters  are  Bertrand  Bros., 
Lautier,  Ohiris,  and  Tombarell  Bros. 

These  concentrated  waters  retain  their  fragrance  longer  than  the 
weaker,  hence  their  use  enables  the  pharmacist  always  to  dispense 
a  fragrant  preparation. 

These  stronger  waters  are  best  preserved  in  glass  vessels,  in 
which  the  stopper  is  covered  with  either  parchment  paper  or  a 
piece  of  bladder.  Orange  flower  water  should  not  be  made  from 
the  oil  (Neroli).  Rose  water  can  be  made  directly  from  the  oil  by 
the  method  of  the  German  Pharmacopoeia,  in  which  from  3  to  5 
drops  of  the  oil  are  agitated  with  the  liter  of  hot  distilled  water. 

Preservation. — Medicated  waters  rapidly  deteriorate,  hence 
they  should  not  be  made  in  larger  quantities  than  are  likely  to  be 
consumed  before  they  spoil.  Unless  a  layer  of  oil  covers  the 
surface  of  the  water,  they  will  soon  deposit  flocculent  matter  or 

*  The  proportion  depends  upon  the  richuess  of  the  plant-part  in  volatile  oil,  these  figures  being 
general. 
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become  ropy  and  lose  their  odor  entirely.  This  is  caused  by  a 
microscopic  vegetable  growth,  which  renders  the  preparation 
unsightly  and  unfit  to  dispense.  In  order  to  avoid  this,  the  freshly 
prepared  water  should  be  put  into  clean  glass-stoppered  vials,  of 
appropriate  size,  the  bottles  being  entirely  filled  and  well  sealed 
to  exclude  air.  In  this  condition,  they  may  be  preserved  for  an 
indefinite  length  of  time. 

Preservative  agents,  such  as  alcohol,  glycerin,  boric  acid,  etc., 
have  been  proposed,  but  their  use  is  not  advisable.  The  presence 
of  small  amounts  of  alcohol  gives  rise  to  acetic  fermentation ; 
larger  amounts,  as  well  as  the  presence  of  any  other  agents,  inter- 
fere seriously  with  the  various  uses  of  these  waters. 


EXPLANATORY. 

Aqua  Amygdalae  Amar^e  (Bitter  Almond  Water;  Bitter- 
mandelwasser,  Germ.). — This  contains  0.1  per  cent,  of  the  oil  of 
bitter  almond.  The  preparation  is  of  variaole  strength,  varying 
according  to  the  source  and  quality  of  the  oil  of  almond.  When 
the  artificial  oil  (benzaldehyde)  is  used,  the  product  is  free  from 
hydrocyanic  acid  (HON).  If  the  true  oil  of  bitter  almond  (con- 
taining from  one  to  six  per  cent.  HON)  is  employed  we  find  vari- 
able amounts  present;  should  the  oil  contain  six  per  cent,  of 
absolute  HCN,  the  water  would  contain  about  one  drop  of  the 
oflScial  acid  in  each  half  ounce.  It  is  employed  in  this  country 
as  a  vehicle  or  flavoring  agent. 

Aqua  Am  ygd  alarum  Am  ar  a  rum. — Under  this  title,  we  find  a 
preparation  official  in  various  European  pharmacopoeias,  which 
IS  prepared  by  distilling  bitter  almonds  with  water;  this  is  far 
stronger  than  ours,  being  standardized  to  a  definite  percentage  of 
hydrocyanic  acid.  It  should  be  administered  with  great  caution. 
In  dispensing  this  preparation,  care  should  be  observed  that  it  be 
of  the  exact  strength  required  by  the  pharmacopoeia  which  the 
physician  employs.  The  strength  in  hydrocyanic  acid  as  recog- 
nized in  various  pharmacopoeias  is  as  follows : — 

Pharmaeopctia.  HCN  in  1000  Parta. 

Anstrian, 1 

Belgian, 1 

Danish,  contains  alcohol, 1.4 

German,  contains  alcohol, 1 

Netherlands 1 

Rnssian,  contains  alcohol, 1 

Spanish, 0.86 

Swedish,  contains  alcohol, 1.3-1.4 

Swiss, 1 

A  substitute  for  this  may  be  made  by  dissolving  6.46  grammes 
of  chloral  cyanhydrate  in  1000  Cc.  of  distilled  water.  Each  6.46 
grammes  of  this  salt  contains  1  gramme  of  HCN. 

The  above  is  used  as  a  sedative  in  doses  of  from  10  to  15  drops. 
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Under  the  title  of  Aqua  Laurocerasi  (Cherry  Laurel  Water),  a 

f  reparation  of  similar  nature  is  official  in  several  pharmacopoeias, 
t  is  made  by  distilling  a  mixture  of  bruised  fresh  laurel  leaves 
and  water.  This  preparation  is  likewise  standardized  to  a  definite 
percentage  of  hydrocyanic  acid. 

Pharmacopeia,  HCy  in  1000  Parti, 

Belgian, 0.5 

Nethorlandg,     0.839 

British, 1 

French, 0.5 

The  Spanish,  German,  Greek,  and  Swiss  pharmacopoeias  sub- 
stitute the  above-mentioned  bitter  almond  water  for  cherry  laurel 
water. 

The  German  Pharmacopoeia  prepares  a  diluted  bitter  almond 
water  (Aqua  Cerasorum  or  Kirschwasser),  by  mixing  1  part  of 
the  stronger  with  19  parts  of  water.  This  preparation,  containing 
0.005  per  cent,  of  hydrocyanic  acid,  should  not  be  confounded 
with  either  of  the  above  containing  0.1  per  cent,  of  the  acid. 

Aqua  Chloroformi. — Chloroform  is  added  in  sufficient  quan- 
tity to  distilled  water,  so  that,  after  agitation,  it  remains  in  slight 
excess;  the  supernatant  saturated  solution  is  decanted  off  as 
required.  When  exposed  to  sunlight,  the  chloroform  readily 
undergoes  decomposition,  particularly  so  in  the  presence  of  water. 
Hence  this  preparation  should  be  kept  in  a  dark  amber-colored 
bottle.  It  is  employed  as  a  solvent  for  many  remedies,  owing  to 
its  preservative  properties;  also,  as  an  adjunct  to  anodyne 
mixtures. 

Aqua  Creosoti. — This  preparation  contains  1  per  cent,  of 
wood  creosote.  It  is  employed  principally  as  a  gargle,  or  lotion. 
In  ordering  creosote,  care  should  be  taken  to  specify  "true  w^ood 
creosote,"  or  "beech-wood  tar  creosote,"  for  under  the  term  "com- 
mercial creosote  "  carbolic  acid  is  usually  understood. 

Ihider  the  class  of  Aquse,  solutions  of  gases  are  included,  viz. : — 

Aqua  Ammonia. — (Specific  gravitj''  0.960,  containing  10  per 
cent,  by  weight  of  gaseous  ammonia  (NH3).)  It  is  known 
among  the  continental  pharmacopoeias  under  the  title  of  "Liquor 
Ammonise,"  being  generally  recognized  to  be  of  10  per  cent, 
strength  (Fr.  and  Bp.,  20  per  cent.)  This  is  commercially  known 
as  16°  Baum6;  the  so-called  Aqua  Ammonise  f.f.f.,  being  20*^ 
B.,  or  about  17  per  cent,  by  weight  of  NH3. 

Aqua  Ammonite  Fortior  (sp.  gr.  0.901,  containing  28  per  cent, 
by  weight  of  gas),  is  only  recognized  by  the  U.  S.  and  British 
Pharmacopoeias,  that  of  the  latter,  however,  being  of  32.5  per 
cent,  strength. 

For  rules  for  dilution,  see  page  138. 

Ammonia  Water  is  incompatible  with  acids  and  most  metallic 
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salts ;  it  should  be  preserved  in  well  stoppered  bottles  in  a  cool 
place.  Its  strength  is  ascertained  by  means  of  its  specific  gravity, 
or  by  titration  with  a  standard  acid  solution.* 

(NHJ^O,. 
Ammonium  Sulphate. 


2NH, 

■f 

H^,        - 

Ammoula. 
2  X  17  pta. 
17  pts. 
0.017  pt. 

= 

Sulphuric  Acid. 
97.82  pta. 
48.91  pts. 
0.0489  pt. 

Since  1  Cc.  of  decinormal  sulphuric  acid  solution  (containing 
0.0489  Gm.  H2SO4)  neutralizes  0.017  Gm.  of  ammonia  gas 
(NH3),  20  Cc.  of  the  acid  solution  will  be  equivalent  to  20  X  0.017 
=  0.34  Gm.  of  NH3.  If  3.4  Gm.  of  Aqua  Ammonia  were  taken 
for  the  assay,  it  would  then,  according  to  the  above,  contain  10 
per  cent,  of  ammonia  gas. 

Aqua  Chlori. — A  clear,  greenish-yellow  liquid,  containing  at 
least  0.4  per  cent,  of  chlorine  gas,  U.  S.  P.  This  preparation  is 
official  in  all  pharmacopoeias,  and  contains  from  0.3  to  0.6  per  cent, 
of  chlorine  gas.  It  should  be  freshly  prepared  when  required  for 
use,  since  it  rapidly  undergoes  decomposition;  thus,  2CI  +  H^O 
=  2HC1  +  0.  As  a  ready  means  of  ascertaining  whether  this 
decomposition  has  begun,  or  not,  the  pharmacopoeia  directs  agi- 
tation of  the  sample  with  mercurj',  wnich  unites  with  the  free 
chlorine,  leaving  any  hydrochloric  acid  which  may  be  present 
free  to  be  detected  by  litmus  paper. 

Chlorine  water  is  employed  m  medicine  as  an  antiseptic.  It 
is  incompatible  with  alkalies,  silver  and  lead  salts,  tannin,  infu- 
sions, emulsions,  and  tinctures,  and  liberates  iodine  and  bromine 
from  their  salts.  When  prescribed  in  mixtures  it  should  be 
added  last. 

The  chlorine  strength  of  this  preparation  is  ascertained  in- 
directly by  volumetric  estimation. f  This  is  based  on  the  fact 
that  chlorine  displaces  an  equivalent  amount  of  iodine  from 
potassium  iodide,  according  to  the  equation : — 

2KI        -f  2a        =  2KC1  -f-  21. 

Potassium  Iodide.  Chlorine.  Potassium  Chlorida  Iodine. 

2  X  36.8  2  X  126.5 

The  liberated  iodine  is  held  in  solution  by  the  excess  of  po- 
tassium iodide.  In  order  to  ascertain  the  amount  of  liberated 
iodine,  decinormal  solution  of  sodium  hyposulphite  is  run  into 
this  dark-colored  solution  until  it  is  decolorized,  according  to  the 
following  equation: — 

21    -f    2(NaA0,  +  5H,0)       =     Na^SA        4-  2NaI    +      10H,O. 

Iodine.  Sodium  Hyposulphite.  Sodium  Tetrathionate.     Sodium  Iodide.         Water. 

2  X  126.5  pts.  2  X  247.6  pts, 

126.5  pt«.  247.6  pt.s. 

0.01265  pt.  0.0247  pt. 

*  See  Volumetric  Solutions.  f  Ibid. 
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Since  1  Cc.  of  decinormal   solution  of  sodium   hyposulphite 

containing  0.0247  Gra.  of  the  salt,  is  equivalent  to  0.01265  Gm. 

of  iodine,  therefore  20  C!c.  of  the  hj'posulphite  solution  will  be 

equivalent  to  20  X  0.01265  =  0.253  Gm.  of  iodine.    Hence  if  one 

molecule  of  iodine  is  equivalent  to  one  molecule  of  chlorine, 

0.253  Gm.  of  iodine  will  be  equivalent  to  x  grammes  of  chlorine. 

That  is, 

I  a  I  a 

253     :    70.6     :  :     0.253     :    x, 
X  =  0.070  -h  Gm.  of  Chlorine. 

If  17.7  Gm.  of  Aqua  Chlori,  after  having  been  subjected  to  the 
above  test,  yield  0.070  Gm.  of  chlorine,  it  would  then  contain  of 
the  gas  17.7  :  0.07  :  :  100  :  x;  x  =  0.4  per  cent,  (approximately). 

Aqua  Hydroqenii  Dioxidi. — This  solution  should  contain  3 
per  cent,  by  weight  of  the  pure  Dioxide  (HjOa),  corresponding  to 
about  10  volumes  of  available  oxygen.  The  dioxide  itself  may  be 
obtained  in  a  very  pure  condition*  by  agitating  barium  peroxide 
with  diluted  hydrochloric  acid  and  ether,  the  latter  absorbing 
the  H2O2;  upon  shaking  the  ethereal  solution  with  distilled  water, 
slightly  acidulated,  it  gives  up  most  of  its  hydrogen  peroxide. 

The  great  facility  with  which  this  solution  gives  up  its  oxygen 
renders  it  a  powerful  oxidizer.  It  bleaches  organic  colors,  like- 
wise hair;  converts  sulphides  and  sulphites  into  sulphates,  ferrous 
into  ferric  compounds;  liberates  chlorine  from  hydrochloric  acid, 
iodine  from  hydriodic  acid,  and  iodide  of  iron;  it  reacts  very 
slowly  in  a  neutral  solution  of  potassium  iodide,  thus  differing 
from  ozone  and  chlorine.  It  is  stated  that  the  addition  of  one 
part  of  H2O2  to  1000  parts  of  impure  drinking  water  will,  after 
a  short  time,  effectually  destroy  any  disease  germs  that  may  be 
present.  It  is  employed  in  medicine  as  a  powerful  antiseptic,  and 
deodorant.  The  presence  of  a  little  acid  (even  as  little  as  one 
drop  of  HCl  to  the  pint),  is  essential  to  prevent  its  too  rapid 
decomposition. 

The  commercial  solution  scarcely  ever  contains  over  three  per 
cent  by  weight  of  absolute  peroxide,  and  the  ten  and  fifteen  volume 
solutions  often  fall  short  of  the  strength  claimed  for  them ;  hence 
it  behooves  the  apothecary  to  assay  each  lot  which  he  may 
purchase. 

The  strength  of  this  solution  is  sometimes  indicated  by  volume. 
Thus  a  20  volume  solution  is  one  which,  when  decomposed  into 
water  and  oxygen,  will  yield  20  times  its  volume  of  oxygen.  It 
does  not  matter,  in  this  case,  whether  the  whole  of  the  liberated 
oxygen  comes  from  the  HjOj,  or  whether  a  part  of  this  comes  from 
the  reagent  added.  If  the  H2O2  is  decomposed  by  potassium  per- 
manganate, only  one-half  of  the  oxygen  given  off  comes  from 

the  H2O2. 

The  strength  of  the  solution  is  estimated  by  means  of  decinormal 


•  Cresiner,  •♦  Proceed.  A.  P.  A.,"  1892,  p.  845. 
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solution  of  potassium  permanganate  *  according  to  the  following 
equation : — 

PotaBsiiim  Hydroffcn         Sulphuric      Oxygen.     Water.        Potamium        Manganese 

Permanganate.  Peroxiae.  Acid.  Sulphate.  Sulphate. 

315.3  169.6 

The  permanganate  solution  is  added  slowly,  until  the  pink 
color  no  longer  disappears.  The  presence  of  the  sulphuric  acid 
serves  the  purpose  of  dissolving  the  manganic  hydroxide f  as  fast 
as  formed,  otherwise  the  brown  oxide  diffused  through  the  liquid 
would  render  the  end  of  the  reaction  diflBcult  to  distinguish.  Now, 
according  to  the  above  equation,  1  mol.  of  K2Mn208  (315.8  p.)  cor- 
responds to  5H2O2  (169.6  p.);  or  0.003153  Gm.  of  potassium  per- 
manganate (1  Cc.  of  the  decinormal  solution),  corresponds  to 
0.001696  Gm.  of  absolute  hydrogen  peroxide.  Where  it  is  desira- 
ble to  express  the  strength  in  volumes  of  available  oxygen,  we 
multiply  the  number  of  cubic  centimeters  of  the  solution  of  per- 
manganate, decolorized  by  1  Cc.  of  the  solution,  by  0.56.  This 
latter  factor  is  explained  thus: — 

Since  one-half  of  the  liberated  oxygen  is  supplied    by  the 

potassium  permanganate  (KjMnaOg),  one  molecule  of  ^»|^5°«^« 
liberates  So^^yg^°  from  the  hydrogen  peroxide  (H2O2);    hence, 

63  Gm.  of  K2Mn208  (one-fifth  of  315.3)  will  liberate  16  Gm.  of 
oxygen  (one-fifth  of  80),  which  at  normal  temperature  measures 
11,188  Cc.  If  63  Gm.  of  potassium  permanganate  liberate  11,188 
Cc.  of  oxygen,  0.00315  Gm.  of  permanganate  (1  Cc.)  will  liberate 
0.56  Cc.  of  oxygen. 


AQU.E,  U.  S.  P. 

Title.  \  QfTutituents.X  Use, 

Direct  Solution.  i 

Aqna  Amygdalse  Am-      I 

arse, 0.1%  Oil  of  Bitter  Almond.       Vehicle. 

Aqna  6reo8oti,    .    .   .   .   |     1  %  of  Creosote.  ;  Antiseptio. 

,    '*     Cbloroformi,    .    .   j  Saturated  aqueous  solution  of  ;  Antiseptic,  Anodyne. 

I      Chloroform. 

Gaseous  Solutions. 

Aqua  Ammoniie,    .    .    . 

**    Ammonise  Fortior, 

'*    Chlori 

Aqua  Hydrogenii  Di- 

oxidi, 3%  "  Hydrogen  Dioxide,   **  j  Antiseptic,  Deodorant. 


10%  of  Gaseous  Ammonia,  wt.  '  Stimulant,  Caustic. 

28%  "         **  **  **  *'  ** 


0.4%'*  Chlorine, 


Antiseptic. 


*See  Decinormal  Solution  of  Potassium  Permanganate. 

fThe  sulwtanoe  precipitated  (from  alkaline  solution)  is  manganous  hydroxide,  which  rapidly  turns 
to  brown  manganic  hydroxide 

X  In  this  and  subsequent  tables  i  (per  oent.>  is  employed  merely  as  an  expresRion  of  convenience. 
In  the  case  of  anise  water  and  others  of  this  class,  it  means  f  fk.  of  the  oil  in  1000  (V.  of  water.  In 
the  case  of  camphor  water  it  means  8  Gm.  of  Camphor  in  1000  Cc.  See  "  Peroenuge  Solutions/* 
page  137. 

15 
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Solutions  of  Volatile  Oils. 

TUle. 

OmtiituenU. 

U$e, 

Aqua  AnUi, 

0.2%  of  Oil  of  Anise. 

Vehicle. 

**    Camphors,   .   .    . 

0.8%  of  Camphor. 

Antispasmodic 

*^     Cinnamomi,     .    . 

0.2%  of  Oil  of  Cinnamon. 

Vehicle. 

**    Foeuicali,  .... 

0.2%  of  Oil  of  Fennel. 

t. 

**     Menthae  Piperita, 

0.2%  of  Oil  of  Peppermint. 

t( 

"    Menthffi  Viridis,  . 

0.2%  of  Oil  of  Spearmint. 

ii 

Distillation 

Aqna  Anrantii  Flonim 

Fortior, 

Triple  Orange-flower  Water. 

Aqua  Aarantii  Floram, 

Equal  parts  of  the  aljove  and 
distilled  water. 

Vehicle. 

"    Kcme  Fortior,   .   . 

Triple  Rose  Water. 

*'      R06»,      .... 

Equal  parts  of  the  ahove  and 
distilled  water. 

Vehicle. 

INJECnONES  YiYVOD^mmCM-^Hypodermic  Injections). 

When  remedies  are  to  be  used  hypodermically,  it  is  absolutely 
necessary  that  these  solutions  be  as  nevirai  as  possible  and  sieril' 
ized.  As  antiseptic  vehicles,  for  the  administration  of  these 
remedies,  various  solutions  have  been  proposed,  such  as  solutions 
of  camphor,  thymol,  or  corrosive  sublimate,  and  chloroform  water; 
however,  when  these  solutions  have  been  exposed  to  the  air,  they 
are  not  fit  to  be  dispensed.  When  it  is  necessary  to  prepare  such 
a  solution,  the  test-tube  in  which  it  is  prepared  and  the  receiving 
vessel,  should  be  first  sterilized  by  rinsing  them  with  boiling 
water,  and  then  dried  in  an  oven  at  a  temperature  of  about  200*^ 
0.  Only  thoroughly  boiled  distilled  water  should  be  used  as 
solvent.  In  Germany  and  Austria,  these  solutions  are  now  often 
prepared  and  sealed  in  small,  elongated  glass  pearls  (sterilized  at 
200*^  C.)  of  1  Cc.  capacity.  Thus  sealed,  these  solutions  may  be 
preserved  indefinitely  and  can  be  readily  carried  about.  The 
sterilized  hypodermic  tablets,  in  which  exsiccated  neutral  sodium 
sulphate  forms  the  inert  diluent,  have  become  very  popular, 
because  of  their  convenience  in  use,  and  the  accuracy  of  their 
dosage.  These  tablets  should  always  be  dispensed  in  their  tubes 
and  never  handled  with  the  fingers.  The  hypodermic  dose  of  a 
remedy  is  J  or  less  than  the  dose  by  the  mouth. 
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IJQUORES— (Z«i/ttor«).---SOLUTIONES-{&Zi/^/(»M). 

Liquors  are  aqueous  solutions  of  chemical  substances.    There 
are  twenty-four  of  these  official  in  the  U.  S.  P.,  1890. 


EXPLANATORY. 

Liquor  Acidi  Arsenosi  (Liquor  Arsenici  Chloridi,  U.  S.  P., 
1880). — This  is  simply  a  solution  of  arsenous  acid  in  hydrochloric 
acid  and  water,  and  not  a  definite  compound.  It  is  about  twice 
as  strong  as  Valangin*s  solution,  which  contains  about  0.4  per 
cent.,  while  the  official  product  contains  1  per  cent,  of  arsenous 
acid.  Its  properties  are  much  the  same  as  Fowler's  solution, 
but  its  action  is  not  reliable.  Dose  0.12  to  0.6  Cc.  (2  to  10 
minims).    For  assay,  see  Liquor  Potassii  Arsenitis. 

Liquor  Ammonii  Acktatis  (Spirit  of  Mindererus). — If  the 
pharmacopoeial  directions  are  strictly  followed,  a  preparation  of 
an  acid  reaction  will  be  obtained.  This  is  essentially  necessary, 
otherwise,  when  it  is  added  to  solutions  containing  alkaloids  or 
metallic  salts,  these  would  be  likely  to  be  precipitated  from  their 
combinations.  Should  such  be  the  case,  the  addition  of  a  little 
acetic  acid,  sufficient  to  clear  up  the  solution,  is  necessary. 

The  reaction  between  the  ammonium  carbonate  (a  mixture  of 
ammonium  acid  carbonate  and  carbamate)  and  acetic  acid  is  as 
follows  : — 

NH4HC0,.NH,NH,00,    +    3CH,C00H    =    SCHjCOONH*    -f    H,0    +    SCO, 

Ammoniam  CarhoDate.  Acetic  Acid.  Amnioaiuin  Water.        Carbonic 

156.7  8X09.86  AoeUte.  Acid  Gas. 

When  freshly  prepared,  it  contains  free  carbonic  acid.  The 
German  and  Swiss  Pharmacopoeias  prepare  this  from  ammonia 
water  instead  of  from  ammonmm  carbonate. 

Fixer  CMC, — How  much  official  ammonium  carbonate  will  be 
required  to  neutralize  100  Cc.  of  diluted  acid,  U.  S.  P.  ? — 100  Cc. 
of  the  diluted  acid  weigh  (100  X  1.008)  100.8  Gm. ;  6  per  cent,  of 
this  is  absolute  acid  =  6.048  Gm.,  then : 


Acetic 
Acid. 

Ammon. 
Garb. 

Acetic 
Acid. 

Ammon. 
Carb. 

179.6 

:    156.7 

X  —  5.27  -h 

6.048 

:    X 

hence,  5.27  +  Gm.  of  official  ammonium  carbonate  are  required 
to  neutralize  100  Cc.  of  official  diluted  acetic  acid. 

Liquor  Arseni  et  Hydrargyri  Iodidi  (Donovan's  Solution). 
— ^This  is  best  made  from  the  precipitated  Iodide  of  Arsenic  (Bam- 
berger), as  it  is  far  more  soluble  than  the  commercial,  made  by 
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fusion.  The  solution  should  be  kept  in  a  dark  place,  as  the 
action  of  light  causes  a  partial  separation  of  iodine  with  change 
to  yellow  color.  When  in  this  condition  it  should  not  be 
dispensed.  This  solution  contains  one  per  cent,  of  each  of  the 
iodides.  It  is  incompatible  with  alkaline  solutions,  since  they 
cause  the  precipitation  of  the  mercury ;  it  is  also  incompatible 
with  solutions  of  silver  salts,  owing  to  the  precipitation  of  the 
silver  as  insoluble  iodide ;  also  with  weak  alcoholic  or  aqueous 
solutions  containing  alkaloids,  since  it  forms  with  them  insoluble 
double  salts. 

Liquor  Calcis  (Lime  Water), — When  water  is  added  to  cal- 
cium oxide  (burnt  lime),  considerable  heat  is  generated,  with 
formation  of  calcium  hydroxide  Ca(0H)2;  this  is  soluble  in  780 
parts  of  cold  water,  but  only  in  1650  parts  of  boiling  water.  Each 
fluidounce  of  lime  water  would  then  contain  about  three-quarters 
of  a  grain  of  calcium  hydroxide.  Liquor  Calcis  should  be  pre- 
pared from  a  calcium  oxide,  which  is  made  from  marble,  a  very 
pure  form  of  calcium  carbonate.  When  the  calcium  oxide  is 
made  from  ordinary  limestone,  it  will  be  contaminated  with  alka- 
lies, which  dissolve  readily  in  water;  hence  the  Pharmacopoeia 
directs,  that  the  slaked  lime  should  be  first  treated  with  a  small 
■portion  of  water,  which  removes  these  impurities.  Lime  water 
should  not  be  added  to  salts  of  alkaloids  or  of  metals,  nor  to  acid 
solutions.  When  added  to  calomel  (1  drachm  to  the  pint)  it  forms 
the  so-called  Black  Wash  (Lotio  Nigra).  When  added  to  corrosive 
sublimate  (one-half  drachm  to  the  pint),  it  forms  the  Yellow  Wash 
(Lotio  Flava,  or  Aqua  Phagedsenica).  In  the  latter  case,  care 
should  be  taken  that  no  free  corrosive  sublimate  remains  in 
the  solution,  which  may  arise  from  deficiency  of  strength  of  the 
lime  water. 

This  solution  should  be  kept  in  a  well-stoppered  bottle,  away 
from  access  of  the  air,  otherwise  all  of  the  calcium  hydrate  would 
soon  be  converted  into  and  precipitated  as  carbonate. 

Liquor  Ferri  Acetatis. — This  solution  contains  about  31 
per  cent,  of  anhydrous  ferric  acetate  (Fe2(C2H302)6).  It  is 
prepared  by  dissolving  ferric  hydroxide  in  glacial  acetic  acid. 
The  former  is  made  by  pouring  a  diluted  solution  of  ferric  sul- 

Chate,  under  brisk  stirring,  into  ammonia  water,  wherebj^  ferric 
ydroxide  is  precipitated.     This  precipitate  is  collected  and  well 
washed  to  remove  adhering  ammonium  chloride. 

Fe,(S04),     -f    6NH8  -{-  6Kfi    =    Fe2(0H)e    +    6NH,C1 

Ferric  Ammonia  Ferric  Ammonium 

Sulphate.  Water.  Hydrate.  Chloride. 

2  X  55.8  Fe.  6  X  17 


Fe,(OH),    -i-    eCHjOOjH    = 

=    Fe,(C,H,0,),    +    6H,0 

Ferric  Hydrate.          Acetic  Acid. 

Ferric  AcetAte.              Water. 

2  X  55.8  Fe. 

464.9 

AQUEOUS  SOLUTIONS. 


229 


4 

The  preparation,  if  made  from  acetic  acid  of  proper  strength, 
will  keep  readily ;  should  a  weaker  acid  be  used,  the  prepara- 
tion is  liable  to  precipitate  a  basic  ferric  acetate  (probably 
Fe,(0H),(CH3C0,),). 

Assay, — The  U.  S.  Pharmacopoeia  directs  to  add  to  1.117  Gm. 
of  the  liquor,  diluted  with  water,  2  Cc.  of  hydrochloric  acid;  this 
liberates  the  acetic  acid  with  formation  of  ferric  chloride ;  then 
on  adding  the  potassium  iodide,  iodine  is  liberated,  with  reduc- 
tion of  the  ferric  to  ferrous  chloride  and  the  formation  of  potassium 
chloride ;  thus :  — 


Fe,Cl«        + 

2KI        = 

2FeClj 

+ 

2KC1 

+        21. 

Ferric  Chloride. 

Potassium 

Ferrous 

Potassium 

Iodine. 

2  X  ft6.8  Fe. 

Iodide. 

Chloride. 

Chloride. 

2  X  126.5 

One  atom  of  iron  (55.8  pt.)  is  equivalent  to  one  atom  of  iodine 
(126.5  pt.).  The  amount  of  iodine  liberated  is  ascertained  by 
means  of  decinormal  solution  of  sodium  hyposulphite,*  which  is 
added  until  the  blue  color  (iodide  of  starch)  disappears ;  thus, 


I,       -h       2(Na^,03-5H,0)        =        2NaI 

lodina  Sodium  Hyposulphite.  Sodium  Iodide. 

2  X  126.5  2  X  247.6 


Sodium 
Tetrathiouate. 


-f         lOHjO. 


One  molecule  of  sodium  hyposulphite  (247.6  pt.)  is  equivalent 
to  one  atom  of  iodine  (126.5  pt.). 

1  molecule  of  ferric  acetate  =  1  molecule  of  ferric  chloride; 
1  molecule  of  ferric  chloride,  containing  2  atoms  of  iron,  liber- 
ates 2  atoms  of  iodine,  which  correspond  to  2  molecules  of  sodium 
hyposulphite. 


Or 


1  atom  Iron. 
55.8   Gm.  = 

0.00558  Gm.      = 


1  atom  Iodine. 

126.5  Gm.  = 

0.01266  Gm.  = 


1  Cc.  V.  S.  or  0.02476  Gm.  of  Sodinm  Hyposulphite      = 
16  Cc.  of  the  Sodium  Hyposulphite  V.  S.  =  15  X  0.00558  = 


1  molecule  Sodium  Hypo- 
sulphite. 

247.6  Gm. 
0.02476  Gm. 

0.00558  Gm.  of  iron. 
0.0837  Gm.  iron. 


Since  we  took  1.117  Gm.  of  the  liquor  and  7.5  per  cent,  of  this 
should  be  metallic  iron,  we  find  it  to  be  0.0837  +  Gm.,t  thus 
proving  our  answer. 

Exercise. — What  percentage  of  anhydrous  ferric  acetate  is  con- 
tained in  the  oflBcial  Liquor  Ferri  Acetatis? 

According  to  the  equation,  page  228, 111.7  parts  of  metallic  iron 
(contained  in  Fej(S04)s)  are  necessary  to  the  formation  of  one 
molecule  of  ferric  acetate  (Fe2(C2H,02)6  =  464.9). 


*  See  Decinormal  Solution  of  Sodium  Hyposulphite. 

t  A  plus  (-f-)  siKn  after  a  decimal  fraction  means  that  the  last  decimal  is  slightlT  smaller  than  the 
true  value.  A  minus  (— )  sign  placed  in  the  same  manner  means  that  the  last  decimal  is  slightly 
greater  than  the  true  Talue. 
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1000  grammes  of  the  solution  of  ferric  sulphate  taken  contain 
80  grammes  of  metallic  iron  (8  per  cent,  of  1000);  then,  as 

2  f  roo.«         Ferric  AeeCalei        Iron.      Ferric  Acetate. 
111.7  464.9       :  :      80  x 

X  =  333  +  Crm*  ferric  acetate. 

Since  the  solution  is  made  to  weigh  1000  Gm.,  and  contains 
333  Gm.  of  the  salt,  333  -^  10  =  33.3  per  cent.  The  solution 
should  therefore  contain  33.3  per  cent,  of  the  salt.  This  figure 
is  not  attained  in  actual  practice. 

Liquor  Ferri  Chi>oridi  (Liquor  Ferri  Sesquichloridi  Ph. 
Germ.,  Liquor  Ferri  Perchloridi  Ph.  Br.). — ^This  solution  should 
contain,  according  to  the  U.  S.  Pharmacopoeia,  37.8  per  cent,  of 
anhydrous  salt  (Fe^CU). 

The  reaction  consists  first  in  the  formation  of  ferrous  chloride: — 


Fe 

-f          2Ha         = 

FeCl, 

-f 

H, 

Iron. 
65.8 

HTdrochloric  Add. 

2X36J{ 

FerrouA  Chloride. 
126.6 

Hfdrogm, 

To  convert  this  ferrous  into  ferric  chloride,  more  hydrochloric 
acid  is  added  to  the  solution,  and  this  is  poured  into  the  necessary 
amount  of  nitric  acid,  which  oxidizes  the  hydrogen  of  the  hydro- 
chloric acid  to  water,  undergoing  itself  reduction  to  nitrogen 
dioxide  (NaOa  or  NO),  which  with  the  oxygen  of  the  air  forms 
nitrogen  tetroxide  (N2O4  or  NO2),  and  is  evolved  as  such,  while 
the  chlorine  liberated  from  the  hydrochloric  acid  unites  with  the 
ferrous  to  form  ferric  chloride,  thus :  — 

(6)6Fea,       4-       6HCI      -h     2HN0,    =    SFe^a.     +    4H,0    +    2N0 

Ferroaii  Chloride.     Hydrochloric  Acid.    Nitric  Acid.       Ferric  Chloride.        Water.  Nitrmen 

6  X  126.6  6  X  36.3  2  X  62.9  3  X  324  Dioxkie. 

The  solution  is  then  further  heated,  to  remove  any  excess  of 
nitric  acid  or  nitric  oxide,  then  afterward  tested  for  the  presence 
of  these  by  the  addition  of  a  crystal  of  ferrous  sulphate  to  a  few 
drops  of  the  solution  diluted  with  a  little  water,  mixed  with 
an  equal  volume  of  sulphuric  acid,  and  allowed  to  cool.  A  dark- 
brownish  zone  (FeSO4.NO)  forms  around  the  crystal  if  any 
nitric  acid  be  present.  Should  such  be  the  case,  it  is  necessary  to 
heat  the  solution  further.  Care  should  be  taken  not  to  allow 
the  liquid  to  become  too  concentrated,  nor  to  employ  too  high  a 
degree  of  heat  (it  should  not  boil),  nor  to  heat  too  long,  otherwise 
a  portion  of  the  iron  will  be  converted  into  oxychloride,  which 
separates  on  the  addition  of  alcohol.  The  Pharmacopoeia  directs 
that  the  solution  be  free  from  ferrous  chloride.  This  is  detected 
by  adding  a  few  drops  of  potassium  ferricyanide  T.  S.  to  about 
the  same  quantity  of  the  solution  well  diluted  with  water,  when 
no  blue  coloration  or  precipitate  should  occur : — 

3FeCl,        +        2(K,(FeCye))        =         FeaCFeCyJ,        +  6Ka 

Ferrotis  Pota.<iiiiuin  Ferroim  Ferricyanide,         Potassiuni  Chloride. 

Chloride.  Ferricyanide.  TurnbuH's  Blue. 


*Fnr  ^akeof  convenience  and  brevity,  the  rarions  atomic  and  molecular  weights  are  expressed 
only  to  thu  first  decimal  point ;  in  someiuHtaiices  the  nearest  whole  number  is  selected. 
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Assay, — The  process  is  identical  with  that  given  under  Liquor 
Ferri  Acetatis.  One  Cc.  df  decinormal  sodium  hyposulphite 
V.  S.  (0.02476  Gm.  of  the  salt)  is  equivalent  to  0.00558  Gm.  of 
iron,  hence  26  Cc.  =  26  X  0.00558  =  0.14508  Gm.  of  iron.  Since, 
according  to  the  Pharmacopoeia,  the  solution  should  contain  13 
per  cent,  of  metallic  iron,  and  1.12  Gm.  were  taken  for  assay, 
then  this  should  contain  0.145  +  Gm.  of  iron  (13  per  cent,  of  1.12). 
Hence,  according  to  the  above,  the  solution  is  of  proper  strength. 

Exercise, — How  much  anhvdrous  ferric  chloride  can  be  made 
from  150  Gm.  of  pure*  iron  wire? 

According  to  the  equation  a  (page  230),  55.8  parts  of  iron  will 
yield  126.6  parts  of  ferrous  chloride ;  hence  150  Gm.  of  iron  will 
vield  340  +  Gm.  of  ferrous  chloride: — 

Fe  FeCl,  Fe  FeCl, 

55.8     :    126.6    :  :    150      :      x 
X  =  340  -f-  grammes  of  ferrous  chloride. 

According  to  the  equation  6,  759.6  parts  of  anhydrous  ferrous 
chloride,  when  oxidized,  yield  972  parts  of  anhydrous  ferric 
chloride;  340  +  Gm.  of  ferrous  will  yield  435.4  Gm.  of  ferric 
chloride : — 

6Fea,        3Fe,Cle        FeCl,      TejCl^ 

759.6     :      972      :  :     340      :      a? 
x  =  435-f. 

Therefore,  435  +  Gm.  of  ferric  chloride  can  be  obtained  from 
150  Gm.  of  iron  if  it  be  absolutely  pure. 

Exercise. — How  much  iron  is  capable  of  being  taken  up  by  540 
Gm.  of  hydrochloric  acid  (U.  S.  P.)  to  form  ferrous  chloride. 

According  to  the  equation  a  (page  230),  72.6  parts  of  absolute 
hydrochloric  acid  are  able  to  combine  with  55.8  parts  of  metallic 
iron.  If  the  sample  of  acid  be  of  U.  S.  Pharmacopoeia  strength, 
it  will  contain  172.2  +  Gm.  of  absolute  acid  (31.9  per  cent,  of 
540). 

HCl  Fe  HCl  Fe 

72.6     :    55.8    ::    172.2     ::    x 
X  =  132.3  Gm.  Fe. 

Therefore,  540  Gm.  of  hydrochloric  acid  (U.  S.  P.)  will  com- 
bine with  132.3  Gm.  of  pure  iron  to  form  FeCl2. 

All  Ferric  Solutions  are  Incompatible  with  the  Alkali  Bromides  or  Iodides,  since 

Free  Bromine  or  Iodine  is  Liberated. 

Liquor  Ferri  Citratis. — The  preparation  of  this  solution 
depends  on  the  fact  that  freshly  precipitated  ferric  hydrate  is 
soluble  in  the  organic  acids,  in  this  instance  citric  acid.  The 
ferric  hydrate  is  prepared  by  pouring  a  diluted  solution  of  ferric 
sulphate  into  well-diluted  ammonia  water,   which  must  be  in 

*  The  finest  piano  wire  contains  alioiit  99  per  cent,  of  pure  iron,  but  in  the  above  given  calculations 
it  is  assumed  to  be  absolutely  pure  (100  per  cent.). 
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slight  excess.    The  precipitated  ferric  hydrate  is  well  washed,  to 
free  it  from  adhering  ammonium  sulphate: — 

FejCSOJ,      -f      6NH,  4-6H,0       =       Fe,(OH),       -f       SCNHJ^* 

Ferric  Ammonia  Water.  Ferric  Hydrate.  Ammoniam 

Sulphate.  Sulphate. 

To  be  certain  that  all  traces  of  ammonium  sulphate  have  been 
removed,  the  wash-water  acidulated  with  hydrochloric  acid  id 
tested  with  barium  chloride  T.  S.,  which  should  not  give  a  white 
cloud  or  precipitate  (BaS04).  In  the  above  case  we  employ  di- 
luted cold  solutions,  in  order  to  obtain  a  light  flocculent  precipi- 
tate, which  is  more  readily  dissolved  by  the  citric  acid: — 

Fe,{OH)e      +      2(H,Q,HA  +  H,0)      =      2(Fe,(C.H50,),)      +      8H,0 
Ferric  Hydrate.  Citric  Acid.  Ferric  Citrate.  Water. 

Care  should  be  taken  that  the  solution  be  not  heated  above 
60°  C,  otherwise  insoluble  oxycitrates  will  form.  When  this  solu- 
tion is  employed  in  making  scale  salts,  the  operator  should  satisfy 
himself  that  the  ferric  sulphate  solution  is  of  full  strength,  other- 
wise the  citric  acid  will  not  be  sufficiently  saturated  and  fail  to 
"scale."  The  solution  is  used  in  making  the  scale  salts  Ferri 
Citras  and  Ferri  et  Ammonii  Citras. 

Assay. — On  adding  1.117  Gm.  of  the  solution  to  water  and 
hydrochloric  acid,  the  citric  acid  is  liberated  and  ferric  chloride 
is  formed;  thus: — 


Fe.(C.HA)t 

-h        6H01       — 

Fe,CU       + 

2H,C,H50, 

Ferric  Citrate. 

Hydrochloric 

Ferric 

Citric  Acid. 

2  X  55.8  Fe. 

Acid. 

Chloride. 
2  X  55.8  Fe. 

Then,  on  addition  of  the  potassium  iodide,  iodine  is  liberated 
and  ferrous  chloride  with  potassium  chloride  are  formed : — 

Fe,Cl,        +        2KI        =        2FeCl,        -f        2KC1        +        I, 

Ferric  Chloride.     Potassium  Iodide.    Ferrous  Chloride.    Potassium  Chloride.       Iodine. 
2  X  55.8  Fe.  2  X  126.5. 

The  liberated  iodine  is  then  estimated  by  dropping  in  decinor- 
mal  solution  of  sodium  hyposulphite  in  presence  of  starch,  until 
the  blue  color  disappears: — 

2(NajS,08.5HjO)       +        I,        =        2NaI        +        Na^O,        +        lOH^O 

Sodium  Hyposulphite.  Iodine.  Sodium  Iodide.     Sodium  Tetrathionate.  Water. 

2  X  247.6  2  X  126.5 

One  molecule  of  sodium  hyposulphite  (247.6  parts)  unites  with 
one  atom  of  iodine  (126.5  parts),  this. being  liberated  by  one  atom 
of  iron  (55.8  parts).  Therefore,  one  molecule  of  the  hyposulphite 
(247.6  parts)  corresponds  to  one  atom  of  iron  (56.8  parts). 

Then  if  247.6        parts  of  hyposulphite  =  55.8      parte  of  iron, 
(1000  a-.)    24.76  *'      41    -^        ».  ^    5  58         .*     *»     »» 

(100  Cki.)   2.476        **     **  *'  =    0.558      **     **     *' 

(10  Cc.)    0.2476       "      **  "  =    0.0558     **     **     " 

(1  Cc.)    0.02476     "      "  **  =    0.00558  "     "     '* 

15  Cc.  of  the  decinormal  solation  =  15  X  0.00558  =  0.0837  Gm.  metallic  iron. 
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Having  taken  1.117+  Grm.  of  the  solution,  this  would  indicate 
that  it  contains  about  7.5  per  cent.  [  (0.0837  -5-  1.117)  X  100]  of 
metallic  iron;  or,  7.5  per  cent,  of  1.117  Gm.  =  0.0837  +  Gm., 
the  amount  of  metallic  iron  it  should  contain. 

Exercise. — How  much  of  10  per  cent.  Ammonia  Water  is  neces- 
sary to  completely  precipitate  100  Gm.  of  solution  of  ferric  sul- 
phate, U.  S.  P.?  The  100  Gm.  of  ferric  sulphate  solution  contain 
8  Gm.  of  iron  (8  per  cent.).  1  molecule  of  ferric  sulphate  con- 
tains 2  atoms  of  iron  (2  X  55.8),  which  require  6  molecules  (6  X 
17)  of  ammonia  for  precipitation.  Hence,  one  atom  (55.8  parts) 
of  iron  will  require  3  molecules  (3  X  17  parts)  of  ammonia: — 

Fe         3NH,        Fe         NH, 

56.8     :     61     : :      8      :       x 
X  =  7.31  Gm.  NH, 

7.31  Gm.  of  ammonia  gas  correspond  to  73.10  Gm.  of  10  per  cent, 
ammonia  water.  Hence,  73.10  Gm.  of  10  per  cent,  ammonia  water 
are  necessary  to  precipitate  100  Gm.  ferric  sulphate  solution,  U. 
S.  P. 

Liquor  Ferri  et  Ammonii  AcETATis(Basham's  Mixture). — On 
mixing  the  ferric  chloride  and  ammonium  acetate  solutions  an 
interchange  of  radicals  takes  place,  with  the  formation  of  ferric 
acetate  and  ammonium  chloride,  a  beautiful  red-colored,  clear 
solution  resulting.  When  made  according  to  our  present  Phar- 
macopoeia, it  is  stable  and  can  be  kept  almost  indefinitely ;  for- 
merly, difficulties  arose  from  the  use  of  an  alkaline  solution  of 
ammonium  acetate  and  an  insufficient  amountof  acetic  acid ;  hence, 
on  mixing  the  two,  a  precipitate  of  basic  ferric  acetate  occurred 
either  at  once,  or  very  soon  afterward. 

The  preparation  should  be  dispensed  fresh. 

Liquor  Ferri  Nitratis. — This  solution  is  made  by  dissolving 
ferric  hydroxide  in  nitric  acid :  Fe2(OH)6  +  6HNO3  =  Yej^O^^ 
+  6H2O, — a  safe  and  agreeable  method,  and  preferable  to  the 
shorter  process  of  the  British  Pharmacopoeia,  in  which  the  iron 
wire  is  dissolved  in  nitric  acid.  The  last-mentioned  reaction,  being 
violent,  requires  great  caution ;  moreover,  the  fumes  evolved  are 
also  annoying. 

This  preparation  is  more  astringent  than  the  salts  of  iron  with 
the  organic  acids. 

Liquor  Ferri  Subsulphatis  (MonseFs  Solution). — ^This  is  an 
aqueous  solution  of  basic  ferric  sulphate.  It  is  sometimes  called 
persulphate  of  iron  solution,  which  is  inaccurate,  and  liable  to  be 
confounded  with  the  solution  of  tersulphate  of  iron.  On  adding 
the  pulverized  ferrous  sulphate  to  the  heated  mixed  acids,  the 
solution  becomes  of  a  black  color,  due  to  the  uniting  of  the  nitric 
oxide  with  the  ferrous  sulphate  (FeSO4.NO),  which  quickly  dis- 
appears with  evolution  of  red  nitrous  vapors.  Should  tne  solution 
remain  of  a  dark  (black)  color,  after  all  the  ferrous  sulphate  has 
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been  added,  the  addition  of  a  few  drops  of  nitric  acid  will  be  suffi- 
cient to  cause  the  evolution  of  the  nitric  oxide,  and  the  solution 
will  then  appear  of  a  clear  reddish-brown  color.  The  tests  for  nitric 
acid  and  ferrous  salt  are  the  same  as  those  given  under  Solution  of 
Ferric  Chloride.  This  solution  contains  a  lesser  amount  of  sul- 
phuric acid  and  more  of  ferrous  sulphate  than  the  tersulphate  of 
iron,  hence,  instead  of  the  normal  ferric  sulphate,  a  basic  or  oxy- 
sulphate  (probably  Fe40(S04)5)  is  obtained.  On  standing,  this 
solution  sometimes  deposits  a  sediment ;  this  may  be  redissolved 
by  placing  the  bottle  in  hot  water.  This  solution  may  be  distin- 
guished from  the  tersulphate  by  adding  one  volume  of  sulphuric 
acid  to  two  of  the  solution,  when  in  the  case  of  the  subsulphate 
a  white,  heavy  precipitate  of  basic  or  oxysulphate  will  be  pro- 
duced. 

The  dry  persulphate  (Monsel's  Powder)  is  obtained  by  evaporat- 
ing the  solution  to  dryness  and  powdering. 

Both  the  solution  and  powder  are  used  as  local  styptics  in  cases 
of  haemorrhage. 

Liquor  Ferri  Tersulpftatis. — A  solution  of  normal  ferric 
sulphate,  or  solution  of  persulphate  of  iron.  This  solution  is 
weaker  in  iron  and  contains  more  sulphuric  acid  than  MonseVs 
solution.     It  should  contain  about  28.7  per  cent,  of  Fe2(S04)3. 

On  adding  the  ferrous  sulphate  (powdered),  in  portions,  to  the 
heated  mixture  of  sulphuric  and  nitric  acids,  effervescence  takes 
place,  with  evolution  of  vapors  of  nitric  oxide  (NO  or  N2O2). 
when  all  of  the  iron  has  been  added,  the  solution  should  be 
clear  and  of  a  dark  reddish-brown  color.  Should  it  be  of  a  black 
color  (FeSO4.NO),  this  indicates  that  there  is  not  a  sufficient 
amount  of  nitric  acid  present  to  oxidize  all  of  the  ferrous  to  ferric 
sulphate,  hence  nitric  acid  should  be  added  drop  by  drop  until 
effervescence  ceases  and  the  solution  clears  up.  The  reaction 
takes  place  as  follows :  — 

6FeS04-f7H,0«  +      SH^O*      +      2HN0,    =   aFe^CSO*),    -f    N,0,  4-  11H,0 

Ferroun  Sttlphate.  Sulphuric  Nitric  Acid.       Ferric  Sulphate.   Nitric  Oxide.    Water. 

6  X  277.4  Acid.  3  X  399.2 

Assau, — The  process  of  assay  is  identical  with  that  given  under 
solution  of  Ferric  Acetate  or  Chloride. 

Exercise. — How  many  grammes  of  ferric  sulphate  {Fe2(S04)s) 
can  be  prepared  from  400  Gm.  of  ferrous  sulphate,  FeS04+7H20  ? 

Since  according  to  the  equation  given  above,  1664.4  parts  of 
ferrous  sulphate  yield  1197.6  parts  of  ferric  sulphate,  hence 

Ferrous  Sulphate.         Ferric  Sulphate. 

1664.4  :  1197.6         ::        400        :        x 

Therefore  x  =  287  -f   grammes   of   ferric  sulphate   can  be  made  from   400 
grammes  of  ferrous  sulphate. 

Now,  if  this  solution  is  made  up  so  as  to  weigh  1000  Gm.  (U. 
S.  P.)  it  would  necessarily  contain  28.7  per  cent,  of  the  salt 

Liquor  Hydr.\rgyri  Nitratis,  or  Solution  of  Mercuric  Ni- 
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trate. — This  solution  is  prepared  by  dissolving  red  mercuric  oxide 
or  metallic  mercury  in  nitric  acid : — 

HgO        +         2HN0,         =         Hg(NO,),  -f  H^O. 

Mercuric  Oxide.  Nitric  Acid.  Mercuric  Nitrate.  Water. 

215.7  323.6 

If  40  Gm.  of  mercuric  oxide  are  taken,  we  would  obtain  about 
60  Gm.  of  mercuric  nitrate: — 

HgO  Hg(NO,),  HgO         Hg(N03), 

215.7         :        323  6  40  x 

ar  =  60  +  Gm. 

If  the  solution  be  made  up  to  the  weight  of  100  Gm.  (U.  S.  P.), 
it  would  then  contain  about  60  per  cent,  of  this  mercuric  nitrate. 
This  solution  is  employed  as  a  caustic. 

Liquor  Iodi  Compositus  (Lugol's  Solution,  or  Compound  Solu- 
tion of  Iodine). — Free  iodine  is  readily  dissolved  by  an  aqueous 
solution  of  potassium  iodide.  In  the  U.  S.  P.  preparation  we  find 
5  per  cent,  of  iodine,  and  10  per  cent,  of  potassium  iodide  present. 

This  is  the  best  preparation  adapted  to  the  internal  administra- 
tion of  iodine,  as  it  does  not  precipitate  when  added  to  water. 

This  solution  is  a  valuable  reagent  in  testing  for  the  presence 
of  alkaloids  in  solution,  since  the  latter  unite  with  the  iodine, 
forming  insoluble  double  salts  of  a  brown  color.  This  fact 
should  be  remembered  when  LugoPs  solution  is  directed  to  be 
added  to  any  preparation  containing  an  alkaloid. 

Assay, — The  amount  of  free  iodine  contained  in  this  solution  is 
estimated  by  titrating  with  decinormal  solution  of  sodium  hypo- 
sulphite in  presence  of  starch ;  the  end  of  the  reaction  being 
known  by  the  disappearance  of  the  blue  color  (iodide  of  starch). 
The  reaction  that  takes  place  is  as  follows : — 

(Xa,S.A  +  5H,0)     -h        21        =        2NaI        -f        Na^A        4-        10H,O 

Sodium  Hypoftulphite.  Iodine.  Sodium  Sodium  Tetrathionate.  Water. 

2  X  247.6  2  X  126.6  Iodide. 

Sodium  Hyposulphite.  Iodine. 

2  X  247.6  parts      2  X  126.6  parts. 

247.6      '* ...  126.6     '' 

1000  Cc.    ^qV.S.  24.76  Gm 12.66  Gm. 

1.  Cc.  f^  V.  S.  0.0248  Gm 0.01266  Gm. 

If  50  Cc.  of  the  Hyposulphite  solution  were  consumed  in  de- 
colorizing 12.66  Gm.  of  the  LugoPs  Solution,  then  the  amount  of 
iodine  present  in  the  sample  would  be  50  X  0.01266  =  0.633  Gm., 
corresponding  to  5  per  cent  [(0.633  -^  12.66)  X  100]. 

Liquor  Magnesii  Citratis. — On  bringing  citric  acid  and 
magnesium  carbonate  in  contact  in  presence  of  water,  carbonic 
acid  gas  is  given  off,  and  magnesium  citrate  is  formed ;  according 
to  the  proportions  of  the  two,  either  the  acid  (MgHC6H507)  or 
normal  (MggCgHgOy)  salt  or  a  mixture  of  the  two  is  formed. 
The  first-mentioned  is  the  more  desirable,  because  of  its  solubility 
and  the  greater  permanence  of  the  solution.    When  the  solution 
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contains  less  soluble  normal  salt,  it  will  not  keep  well  for  any 
length  of  time.  The  pharmacopoeial  preparation  contains  both 
the  acid  and  normal  salts,  and  is  not  calculated  to  keep  long  without 
precipitation.  It  would  be  well  to  increase  the  amount  of  citric 
acid  by  about  3  Gm.  There  should  be  suflScient  citric  acid  pres- 
ent in  this  solution  to  combine  with  the  magnesia,  as  well  as  to 
react  with  the  potassium  bicarbonate,  so  as  to  produce  the  neces- 
sary amount  of  carbonic  acid,  which  is  so  desirable  in  this  solu- 
tion. Boiled  or  distilled  water  only  should  be  used  in  making 
this  preparation.* 

Liquor  Plumbi  Subacetatis  (Goulard's  Extract,  Acetum 
plumbicum  or  saturninum).  On  boiling  lead  acetate  and  oxide 
with  water,  there  are  obtained,  according  to  the  relative  propor- 
tions of  the  two,  various  basic  lead  acetates,  that  of  the  U.S.  P.  being 

Pb(C,H,0,), -f  3H,0    -f-    PbO    =    PbjO(C,HA)«    +    3H,0 

Lead  Acetate.  Litharge.  Lead  oxjacetate.  Water. 

378  222.36  646.4 

If  170  Gm.  of  lead  acetate  are  employed,  245.74  Gm.  of  sub- 
acetate  (oxyacetate)  are  obtained  : — 

Lead  Acetate.      Lead  Oxyacetate.       Lead  Acetate.       Lead  Oxyacetate. 

378  :  546.4         :  :        170  :  x 

z  =  246  Gm.  Subacetate  of  Lead. 

If  the  solution  be  made  up  to  1000  Gm.,  it  will  contain  about 
24.5  per  cent,  of  the  subacetate. 

This  solution  is  not  of  constant  strength,  since  it  readily  absorbs 
carbonic  acid,  which  precipitates  the  lead  as  carbonate.  It  should 
be  prepared  in  a  flask,  in  order  to  avoid  contact  with  air  as  much  as 
possible ;  only  boiled  distilled  water  should  be  employed  in  order 
to  avoid  any  decomposition  of  the  lead  acetate  from  carbonic  acid 
that  may  be  present.  The  litharge  should  be  first  tested  for  car- 
bonate by  the  addition  of  a  litue  diluted  nitric  acid,  and  any 
sample  which  contains  it  should  not  be  employed. 

Solution  of  lead  subacetate  is  incompatible  with  hydrochloric 
or  sulphuric  acid  or  preparations  containing  these;  also  with 
the  soluble  iodides,  bromides  or  chlorides,  alkalies,  mucilage  of 
acacia,  many  organic  acids,  tannin,  and  vegetable  solutions  (in- 
fusions, fluid  extracts,  etc.),  which  contain  much  coloring  matter. 

Exercise, — How  much  litharge  should  be  taken  to  convert  170 
Gm.  of  lead  acetate  into  subacetate? 

Since  378  Gm.  of  lead  acetate  require  222.36  Gm.  of  litharge  to 
form  the  official  subacetate,  170  Gra.  of  lead  acetate  will  require 
100  Gm.  of  litharge: — 

Lead  Acetate.         Litharge.  Lead  Acetate.  Litharge. 

378        :        222.3        :  :       170       :       a: 
a:  =  100  (practically). 


•It  is  also  to  be  noted  that  the  quantity  of  Syrup  of  Citric  Acid  should  be  reduced  one-lialf  (to 
60  Gm.),  the  amount  printed  in  the  earlier  issues  oi  the  U.  S.  P.  (120  Gm.)  being  an  error. 
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Assay. — The  U.  S.  P.  directs  the  assay  of  this  solution  by  means 
of  normal  sulphuric  acid,  the  reaction  being  as  follows: — 

Pb,0(C,H,0,),   4-  2H^04     =     SPbSO*    -f    SHCjHgO,    +    H^O 

Lead  Suhacetate.     Sulphuric  Acid.       Lead  Sulphate.      Acetic  Acid.  Water. 

546.4  2  X  97.8 

Two  molecules  of  sulphuric  acid  (2  X  97.8)  are  equivalent  to  one 
molecule  of  lead  subacetate  (546.4),  hence : — 

Sulphuric  Acid— H^^.  Lead  SubaceUte— Pb|0(CtH,Ot)s. 

1  molecale,  97.8  p 273.2  p.  (}  of  546.4). 

lOOOCc.  V.  8.  =4a9Gm 136.6  Gm.  (J  of  273.2). 

ICc.  V.  S.  =   0.489  Gm 0.1366  Gm. 

25  Cc  V.  8.  =  25  X  0.1366  =  3.415  Gm.  of  lead  subacetate,  and  since  13.67  Gm. 
of  solution  of  Lead  Subacetate  were  taken,  it  would  tben  contain  about  25 
per  cent  of  the  salt  [i3.415  -f- 13.67)  X  100]  ;  or  25  per  cent  of  13.67  =  3.41 
-h  Gm.). 

Liquor  Plumbi  Subacetatis  Dilutus,  (Lead  Water;  Aqua 
plumbica  or  saturnina). — This  is  prepared  by  simply  diluting 
the  preceding  solution  with  water,  which  should,  nowever,  be 
distilled  and  previously  boiled ;  otherwise  the  solution  will 
become  turbid,  and  lose  in  strength,  owing  to  a  precipitation  of 
a  portion  of  the  lead  as  carbonate. 

Liquor  Potass-*:. —  This  is  an  aqueous  solution  containing 
about  5  per  cent,  of  Potassium  Hydrate  (KOH).  Besides  the 
rapid  method  of  dissolving  the  stick  potassa  in  water,  the  Phar- 
macopoeia directs  it  to  be  prepared  from  potassium  carbonate, 
which  in  turn  is  made  from  the  bicarbonate  by  boiling  the  latter 
with  water;  through  loss  of  carbonic  acid  it  is  converted  into 
normal  carbonate : — 

2KHC0,  =  K,(X),  -I-  CO,  4-  H,0. 

2  X  99.88  137.9 

This  solution  is  then  boiled  with  slaked  lime, 

CaO  -f  H,0  =  Ca(OH)„ 

giving  rise  to  potassium  hydrate  and  calcium  carbonate,  thus : — 

Ca(OH),    4-     K,COi    =    CaCO,    +    2K0H 

Calcium  Potassium  Calcium  Potassium 

Hydrate.  Carbonate.         Carbonate.  Hydrate. 

137.9.  2  X  56. 

The  solution  is  allowed  to  stand  until  clear,  and  decanted  off 
from  the  precipitated  calcium  carbonate,  or  it  may  be  directly 
filtered  through  spun  glass  or  asbestos  (fibrous).  The  commercial 
potassium  carbonate  (salt  of  tartar)  contains  silica  and  other 
impurities,  hence  the  Pharmacopoeia  prefers  to  employ  the  pure 
bicarbonate.  When  prepared  from  the  ordinary  stick  potassa, 
the  solution  is  liable  to  deposit  a  gelatinous  precipitate  of  silica 
on  standing.  The  purest  form  of  potassa  in  the  market  is  that 
which  is  purified  by  alcohol,  made  by  treating  the  commercial 
product  with  alcohol,  which  leaves  the  silica,  carbonates,  chlor- 
ides, etc.,  undissolved.  The  solution  should  be  preserved  in 
rubber-stoppered  vessels,  or  should  glass  stoppers  be  used,  they 
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should  be  well  greased  with  petrolatum.      The  solution  readily 
absorbs  carbonic  acid  from  the  air. 

It  is  incompatible  with  all  solutions  containing  alkaloids,  salts 
of  metals,  and  also  acids. 

Assay. — The  strength  of  this  solution  is  estimated  by  its  neutraliz- 
ing power  on  normal  sulphuric  acid,  according  to  the  following 
equation : — 

HjSO*    +    2K0H    =    KjSO^    -f    2H,0 

Sulphuric         Potassium         Potassium  Water. 

AcicL  Hydrate.  Sulphate. 

97.8.  2  X  56. 

As  two  molecules  of  potassium  hydrate  neutralize  one  molecule 
of  sulphuric  acid,  hence,  one  molecule  of  potassa  will  neutralize 
half  a  molecule  of  sulphuric  acid. 

Sulphuric  Acid—i^H^^.  Potassium  Hydrate— KOU. 

1000  Gc.  containing  48.9  p., 56  p. 

1  Cc  y.  8.  oontaiaing   0.0489  Gm., 0.056  Gm. 

25  Gc.  V.  S.  containing  25  X  0.56  =  1.40  Gm.  potaasinm  hydrate  ;  now  if  28  Gm. 
of  the  solution  were  taken,  it  would  then  contain  6  per  cent,  of  the  anhy- 
drous salt  [(1.4  -<-  28)  X  100],  or  6  per  cent,  of  28  =  1.40  Gm. 

Exercise. — How  much  potassium  hydrate  can  be  made  from  90 
Gm.  of  potassium* bicarbonate? 

Since,  according  to  the  equation,  199.7  parts  (2  X  99.iB8)  of 
KHCO3  yield  137.9  parts  of  K2CO3,  hence,  90  Gm.  of  KHCO3  will 
yield  62.1  +  Gm.  of  K2CO3  :— 

KHCO,  K,CO,  KHCO,  K,CO, 

199.7       :       137.9        :  :        90  :  x       ;        x  =  62.1  + 

Again,  since  137.9  parts  of  K2CO3  when  boiled  with  excess  of 
slaked  lime  (Ca(0H)2)  will  yield  122  parts  of  KOH  (2  X  56),  hence, 
62.1  +  Gm.  of  K2CO3  will  under  like  circumstances  yield  50.4  + 
Gm.  of  KOH  :— 

K,CO,  KOH  K,CO,  KOH 

137.9        :       112       ::       621        :  x         ;        z  =  60.4 -f 

If  the  solution  be  made  up  to  1000  Gm.,  it  will  contain  in 
round  numbers  5  per  cent,  of  potassa. 

Liquor  Potassii  Arsenitis  (Fowler's  Solution). — This  solu- 
tion contains  1  per  cent.*  of  arsenous  acid  (As20t)  in  solution  as 
potassium  arsenite  (K2AS2O4).  On  boiling  potassium  bicarbonate 
and  arsenous  acid  together,  the  following  reactions  probably  take 
place : — 

(a)  2KHCX),    +    As,0,    -f    Aq    =    2KAflO,    -f    2C0,    +    H,0    -f    Aq. 

Potaasium  metanenite. 

or  (6)    4KHCX),    -f    As,0,    +    3H,0    =    2K,HA80,    +    4H,0    +    4CX),. 

Potaaslum  AraeDous  Acid  Potamium 

Bicarbonate.  Acid.  Orthoaraeoite. 

The  German  and  British  pharmacopoeias  employ  normal  po- 
tassium carbonate  instead  of  the  bicarbonate ;  a  slight  excess  of 
alkaline  carbonate  remains  in  the  solution.   This  solution  should 

*  Practically  1  per  cent.,  there  being  10  Gm.  of  As/)^  in  1000  Cc.  of  solution,  which  weighs  1009  Gm. 
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not  be  kept  longer  than  a  year  at  the  most,  since  it  becomes 
weaker  in  therapeutic  effect,  owing  to  the  gradual  oxidation  of  the 
arsenates  to  arsenic  acid ;  the  arsenic  salts  being  less  potent  than 
the  arsenous.  The  solution  should  therefore  be  kept  in  well  filled 
bottles.  Only  the  pure  arsenous  acid  in  lumps  should  be  used,  and 
not  the  commercial,  which  is  very  often  adulterated  or  impure. 

The  object  of  adding  compound  tincture  of  lavender  is  to  im- 
part sufficient  taste  and  color  to  the  solution  to  prevent  its  being 
mistaken  for  water. 

The  solution  is  incompatible  with  salts  of  iron,  magnesium  and 
calcium.  In  cases  of  arsenical  poisoning,  emetics,  calcined  mag- 
nesia or  the  official  arsenic  antidote,  viz.,  ferric  hydrate  with  mag- 
nesia, should  be  administered  as  soon  as  possible.  The  two  latter 
form  insoluble,  inert  double  compounds  with  soluble  arsenic  salts. 

Assay. — The  pharmacopoeial  method  consists  in  adding  deci- 
normal  iodine  V.  S.,  to  tne  solution  of  arsenous  salt  containing 
an  excess  of  sodium  bicarbonate  and  mixed  with  a  little  starch, 
until  the  blue  color  produced  ceases  to  disappear.  The  addition 
of  iodine  to  B,Tsenous  acid  in  alkaline  solution  causes  its  oxida- 
tion to  arsenic  acid,  the  iodine  thereby  being  reduced  to  hydri- 
odic  acid,  with  disappearance  of  color.  As  soon  as  all  of  the 
arsenous  is  oxidized  to  arsenic  acid,  then  the  next  drop  of  iodine 
(which  is  free)  will  strike  a  blue  color  with  the  starch  added  to 
the  solution.    The  reaction  is  as  follows : — 

ABjO,    +    41    -f    4NaH00i*    =    A8,0,    -h    4NaI    -f-    4C0,    4-    2H,0 

Arsenous        Iodine.  Sodium  Arsenic  Sodium  Carbonic  Water. 

Oxide.         4X120.6     Bicarbonate.  Oxide.  Iodide.  Acid. 

197.68 

The  addition  of  the  extra  2  Gm.  of  sodium  bicarbonate  serves 
the  purpose  of  combining  with  the  liberated  hydriodic  acid, 
whicn,  if  present  in  free  condition,  would  interfere  with  the  reac- 
tion. From  the  equation  we  see  that  4  atoms  of  iodine  (4  X  126.5) 
are  necessary  to  oxidize  one  molecule  (197.68)  of  arsenous  to 
arsenic  oxide.  Hence,  one  atom  of  iodine  is  equivalent  to  J  of  a 
molecule  of  arsenous  oxide. 

lodina  Arsenous  Oxide. 

126.5  parts 49.42  parts. 

1000  Cc.  ,0  V.  8.  12.65  Gm. 4.942  Gm. 

ICc.  ,oV.  S.  0.01265  Gm 0.004942  Gm. 

60  Cc  of  JJ^  V.  S.  Iodine  =  50  X  0.004942  =  0.247  +  Gm.,  ASjO, 

Hence,  if  24.7  Cc.  of  the  solution  had  been  taken,  and  0.247 
Gm.  of  arsenous  oxide  were  found  contained  in  it,  then  the  solu- 
tion must  be  of  1  per  cent,  strength.! 

Exercise. — If  10  Gm.  of  a  sample  of  Fowler's  solution  required 
18  Cc.  of  JJ  iodine  volumetric  solution  to  produce  a  blue  color, 

*  The  NaHCOg  merely  plays  the  put  of  a  solveot  for  the  AnjOg,  bence  the  formala  KAsOi  or 
(NaAsOj)  iB  not  ased  here.  f  See  Footnote,  page  238. 
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under  the  conditions  given  in  the  U.  S.  P.,  what  per  cent,  of  ar- 
senous  oxide  would  it  contain? 

Since  1  Cc.  of  ^  iodine  volumetric  solution  =  0.004942  Gm.  of 

AsaOs,  hence,  18  Cc.  of  j^  iodine  volumetric  solution  =  18  X  0.004942 

=  0.0889  +  Gm.  of  AsaO,.    If  10  Gm.  of  the  solution  had  been 
taken,  then  (0.0889  -s-  10)  X  100  =  0.8. 
The  sample,  therefore,  contains  ^  per  cent,  of  AsjOs. 

Liquor  Potassii  Citratis. — The  reaction  that  takes  place  on 
mixing  solutions  of  citric  acid  and  potassium  bicarbonate  is  as 
follows : — 

3KHC0,      -h      HjCeHsO^  +  HjO      =      KjCjHjOt      +      H,0 -f  SCO, 

Potaasium  Bicarbonate.  Citric  Acid.  Neutral  Potassium  Citrate. 

3  X  99.8  209.5  3U5.6 

The  solution  contains  neutral  potassium  citrate  with  free  citric 
and  carbonic  acids,  the  latter  imparting  a  pleasant  acidulous  taste 
to  the  solution.    The  solution  should  always  be  dispensed  fresh. 

Exercise. — How  much  citric  acid  will  be  necessary  to  neutralize 
8  Gm.  of  potassium  bicarbonate;  also  how  much  potassium 
citrate  will  be  nroduced  ^ 

If  299.4  parts  of  KHCO3  require  209.5  parts  of  H3C6H5O7,  then 
8  Gm.  of  KHCOa  will  require  5.6  —  Gm.  of  HsCeHsO::— 

3KHCO3  HgCeHsO;  KHCO3  HjQHjOt 

299.4        :        209.5        :  :        6  :  x 

a;  =  5.6  — 

If  299.4  parts  of  KHCOs,  when  neutralized  with  citric  acid,  will 
*  yield  305.6  parts  of  potassium  citrate,  then  8  Gm.  of  KHCO3  will 
yield  8.1  +  Gm.  of  K3C6H5O7  :— 

3KHC0,  K,C,H507  KHCO,  KjCHA 

299.4        :        305.6        :  :       8  :         x 

a;  =  8.1  + 

Liquor  Sod-*:. — This  solution,  like  that  of  potassa,  can  be  made 
by  dissolving  the  caustic  alkali  in  the  necessary  amount  of  water, 
or  by  boiling  the  necessary  quantity  of  the  carbonated  alkali  and 
slaked  lime  together  with  water.    Thus : — 


Na,00, +  10H,O    4- 

Ca(OH),    = 

=    2NaOH    -h    CaCOj    -f-    lOHjO 

Sodium  Carbonate. 

Calcium 

Sodium              Calcium              Water. 

285.4 

Hydrate. 

Hydrate.           Carbonate. 
2X40 

The  method  of  preparation  and  preservation,  and  the  incom- 
patibles,  are  the  same  as  those  given  under  Liquor  Potassse. 

Assay. — The  method  of  assay  is  also  the  same  as  that  of  Liquor 
PotasssB  * 

HjSO*     +      2NaOH     =      Na,S04    +    2H,0 

Sulphuric  Acid.    Sodium  Hydrate.    Sodium  Sulphate.  Water. 
98.8                      2  X  40 

Sulphuric  Add.  Sodium  Hydrate. 
97.8  p.  2  X40p. 

1000  Cc  V.  8., 48.9     Gm.  =  40         Gm. 

1  Cc.  V.  S 0.489  Gm.=    0.040  Gm. 

25  Cc.  v.  S.  H,S04  =  25  X  0.040  =  1.0  Gm.  of  sodium  hydrate. 
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Hence,  if  20  Gm.  of  the  solution  were  taken,  it  would  contain  5 
per  cent,  of  sodium  hydrate  [(1.0  -f-  20)  X  100]. 

Liquor  SoDiE  CHLORATiE  (Solution  of  Chlorinated  Soda. — La- 
barraque*s  Solution). — The  value  of  this  solution  depends  upon 
the  amount  of  sodium  hypochlorite  present,  which  should  yield, 
according  to  the  U.  S.  Pharmacopoeia,  2.6  per  cent,  by  weight  of 
available  chlorine. 

The  reaction  which  takes  place  on  mixing  the  solutions  of 
chlorinated  lime  and  sodium  carbonate  is  most  probably  as 
follows : — 

Ca(OCl),  -f  CaClj  +  2Na,C0,  =  2NaOCl  +  2Naa  -f  2CaCOj 

Chlorinated  Lime.  Sodium  Sodium         Sodium        Calcium 

Carbonate.    Hypochiorite.  Chloride.     Carbonate. 

Hot  water  is  used  for  the  purpose  of  rendering  the  precipitate 
of  calcium  carbonate  as  dense  as  possible,  so  that  it  may  rapidly 
settle. 

Labarraque's  Solution  is  a  superior  disinfectant,  but  it  is  also 
employed  as  an  antiseptic.  When  used  as  a  wash  it  should  be 
diluted  with  5  to  10  parts  of  water.  The  addition  of  acids  or 
acid  salts  to  the  solution  causes  it  to  give  off  chlorine  gas. 

It  is  incompatible  with  the  iodides  and  bromides,  causing  a 
liberation  of  iodine  or  bromine ;  likewise  incompatible  with  many 
metallic  salts  and  many  organic  substances.  A  preparation 
analogous  to  this  in  every  respect  is  the  Liquor  Potassse  Chloratfie, 
or  Javelle  water. 

Assay. — The  assay  method  is  based  on  the  fact  that  the  chlorine 
liberates  an  equivalent  amount  of  iodine  from  potassium  iodide 
(the  chlorine  itself  being  set  free  by  the  addition  of  HCl);  this 
liberated  iodine  is  then  estimated  by  means  of  decinormal  sodium 
hyposulphite,  V.  S.*  If,  then,  we  know  how  much  iodine  has 
been  liberated,  the  amount  of  chlorine  present  is  readily  calculated. 

On  adding  the  hydrochloric  acid  to  the  solution,  all  of  the 
available  chlorine  is  liberated : — 

2NaOCl  -h  4HC1  =  2NaCl  +  2H,0  +  Ol^. 

Then  for  every  atom  (35.3)  of  chlorine  liberated,  one  atom 
(126.6)  of  iodine  is  set  free  fromits  combination  in  the  potassium 
iodide;  thus: — 


2C1 

-f             2KI 

=       2Ka       + 

I. 

Chlorine. 

Potassium  Iodide. 

Potassium  Chloride. 

Iodine. 

2  X35.3 

2  X  126.6 

Starch  being  added  to  the  solution,  the  latter  is  colored  blue 

by  the  free  iodine.  To  this  solution  is  added,  drop  bv  drop, 
the  decinormal  solution  of  sodium  hyposulphite,  until  tne  blue 
color  disappears ;  thus : — 

2(NaAO,.6HaO)        +        I,       =  2NaI      -f        Na^SA        +        10H,O 

Sodium  Hyposulphite.  Iodine.  Sodium  Sodium  Water. 

2  X  247.6  2  X  126.6  Iodide.  Tetrathiouate. 


*  See  Decinormal  Sodium  Hyposulphite  Solution. 
16 
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Since  247.6  parts  of  hyposulphite  are  equivalent  to  126.6  parts  of 
iodine,  and  this  is  liberated  by  35.3  parts  of  chlorine,  one  molecule 
of  the  hyposulphite  is  equivalent  to  one  atom  of  chlorine. 

2X247.6  "~     2X126.6    ""      2X35.3 

or  247.6  p.     =  126.6  p.  =  35.3  p. 

hence  247.6  p 35.3  p. 

1000  Cc.  of  the  Sodium  Hyposulphite,  V.S.  =  24.76  Gm.  .    .    3.63  Gm. 

1  Cc.  of  the  Sodium  Hyposulphite,  V.S.  =0.2476  Gm.    .    0.00353  Gm. 
50  Cc.  =  50  X  0.00353  =  0. 1765  Gm.  of  chlorine. 

If  6.74  Gm.  of  the  solution  were  taken,  and  it  were  found  to 
contain  0.1765  Gm.  of  chlorine  gas,  then  the  per  cent,  of  available 
chlorine  would  be  [(0.1765  -s-  0.74)  X  100]  =  2.6  +  per  cent. 

Exercise, — If,  in  making  up  Labarraque's  Solution  according  to 
the  U.  S.  P.,  the  chlorinated  lime  taken  was  found  to  contain  30 
per  cent,  of  available  chlorine,  what  should  be  the  chlorine 
strength  of  the  finished  product? 

If  75  Gm.  of  the  chlorinated  lime  are  taken,  and  30  per  cent, 
of  this  is  available  chlorine,  then  the  amount  of  chlorine  in  the 
finished  1000  Gm.  of  product  would  be  30  per  cent,  of  75,  or  22.5 
Gm.  or  2.25  per  cent.  Hence  the  solution  would  contain  2.25  per 
cent,  of  available  chlorine. 

Liquor  Sodii  Arsenatis.* — This  is  a  form  of  administering 
the  official  sodium  arsenate  (Na2HAs04),  containing  1  per  cent, 
of  the  salt.  The  dose,  antidotes,  and  uses  are  the  same  as  that  of 
Fowler's  Solution. 

Liquor  Sodii  Silicatis  ("  Soluble  Glass"). — This  is  made  by  fus- 
ing together  1  part  of  fine  white  sand  and  2  parts  of  dried  sodium 
carbonate,  and  dissolving  the  product  in  boi  ling  water,  filtering,  and 
evaporating.  It  is  used  m  bandaging  in  surgery.  The  commercial 
solution  contains  about  30  to  35  per  cent,  of  sodium  silicate. 

Liquor  Zinci  Chloridi  (Burnett's  Disinfectant). — Since  com- 
mercial zinc  contains  iron  as  an  impurity,  nitric  acid  is  added  to 
the  solution,  for  the  purpose  of  oxidizing  the  ferrous  to  ferric 
chloride  (see  page  230). 

Zn  -h  2Ha  =  ZnCl,  -f  H, 

ZiDC.  Hfdrochloric  Acid.  ZIdc  Chloride.  Hfdrogen. 

65  2  X  36.8  135.8 

The  solution  is  evaporated  to  dryness  and  the  residue  fused  to 
remove  all  nitric  acid  ;  some  zinc  carbonate  is  then  added,  where- 
by the  iron  is  precipitated  as  insoluble  ferric  oxide,  and  this  is 
then  filtered  off  by  pouring  the  solution  through  a  pledget  of 
spun  glass  or  fibrous  asbestos. 

Fe,Cl«         -f  3ZnC0,  =         Fe,(CX)j),  4-  3ZnCl, 

Ferric  Chloride.  Zinc  Carbonate.  Ferric  CarboDate.  Zinc  Ghlorida 

Fe,(CX),),  =  Fe,0,  -}-  3CO, 

Ferric  Carbonate.  Ferric  Oxldei  Carbonic  Acid. 


•  Pearson's  Solntion  is  sometlnies  confounded  with  this,  but  is  ten  times  weaker,  containing  about 
^  per  cent,  of  anhydrous  Sodium  Arsenate. 
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The  solution  is  a  powerful  disinfectant,  also  a  valuable  wash 
when  properly  diluted  with  water. 

Exercise. — How  much  anhydrous  zinc  chloride  can  be  made 
from  250  Gm.  of  pure  metallic  zinc  ? 

Since,  according  to  the  above  equation,  66  parts  of  zinc  will 
yield  135.8  parts  of  zinc  chloride,  240  Gm.  of  zinc  will  yield  538.3  + 
Gm.  of  zinc  chloride. 


Zn 

ZnCl,               Zn 

Zna, 

65 

145.8       ::      240 
X  =  538.3 

X 

rule. 
Liquor 

Addi  Arsenosi,  .   .   . 
Ammonii  Acetatis,    . 
Arseni  et  Hydrargyri 
lodidi,     


Calcis, 

Fern  Acetatis,    .    .   . 

Ferri  Chloridi,    .   .   . 

Ferri  Citratis,     .    .   . 
Ferri  et  Ammonii  Ace- 

tatis, 

Ferri  Nitratis, 


•   •   • 


Ferri  Sabsniphatia,  . 
Ferri  Tersnlphatis,  . 
Hydrargyri  Nitratis, 
lodi  Ck)mpoRituR,  .  . 
Magnesii  Citratis,  .  . 
Plumhi  Bubacetatis, 
Plnnibi      Sabacetatia 

Dilatua, 

Potassae,  ...... 

PotaHsii  Arsenitie,  .   . 
Potasfui  Citratis,    .   . 


SodflB,    .... 
Sodffi  Cblorats, 
Sodii  Areenatis, 
Sodii  Silicatis, 
Zinci  Chloridi, 


LIQUORES,  U.  8.  P. 

Main  Onuiiluent,* 

Arsenons  Acid,  1  % . 
Ammoninm  Acetate,  ab.  7  % . 

Arsenic  Iodide,  1  ^ ;  Mercnric 

Iodide,  1  %. 
Calcium  Hydrate,  0.17  %. 
Anbydrons     Ferric    Acetate, 

31%. 
Anbydrons    Ferric    Cbloride, 

37.8%. 
aica,  43  %  Ferric  Citrate. 

Ammoninm  Acetate. 
Anbydrons    Ferric     Nitrate, 

6.2%. 
Basic  Ferric  Snlpbate. 
Ferric  Snlpbate,  28.7  %. 
Mercnric  Nitrate,  60  %. 
Iodine,  5%;  KL  10%. 
Magnesium  Citrates. 
Lead  Snbacetate,  25  %. 

Lead  Snbacetate. 
Potassium  Hydrate,  5  % . 
Arsenons  Acid,  1  %. 
Anbydrons  Potassium  Citrate, 

9%. 
Sodium  Hydrate,  5  %. 
Available  Chlorine,  2.6  %. 
Sodium  Arsenate,  1  %. 
Sodium  Silicate. 
Zinc  Chloride,  50%. 


Synonym. 

Spirit  of  Minderems. 
Donovan's  Solution. 
Lime  Water. 


Basham's  Mixture. 

Monsers  Solution. 

LngoPs  Solution. 

Goulard's  Extract. 

Lead  Water. 

Fowler's  Solution. 
Neutral  Mixture. 


Labarraque's  Solution. 
Harie's  Solution. 

Burnett's  Disinfecting 
Solution. 


*  The  ezpreBslon  per  cent.,  as  employed  in  some  Instances,  as  Liquor  Potassii  Arsenitis,  Acidi 
Arsenosi,  etc.,  is  strictly  speaking  inaccurate,  because  in  these  instances  a  definite  weight  of  the 
active  af(ent  is  contained  in  a  definite  volume  of  product:  the  volume  (expressed  in  Cc),  does  not 
always  correspond  to  weight  (Gm.).  For  example,  the  specific  gravity  of  Fowler's  Solution  is  1.009. 
that  is,  tOOO  Cic.  weighs  1009  Gm. ;  it  would  then  contain  ^  per  cent,  of  Arsenoas  Acid,  instead  of 
1  per  cent.    See  page  137. 
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INFUSA. 

Infusions  {infundo,  I  pour  in)  are  aqueous  solutions  of  the 
soluble  principles  of  drugs,  obtained  by  maceration  in  hot  or  cold 
water.  They  differ  from  decoctions  in  that  a  lower  degree  of  heat 
is  employed.  Infusions  are  usually  prepared  from  drugs  which 
contain  volatile  principles,  such  as  chamomile,  valerian,  cascarilla, 
etc.,  since  the  process  of  decoction,  requiring  a  higher  degree  or  a 
longer  application  of  heat,  would  not  only  destroy  these  principles, 
but  also  extract  much  inert  starchy  and  extractive  matter. 

The  drug  should  be  in  a  coarsely  comminuted  condition  for  hot 
infusions;  for  cold  infusions,  where  percolation  is  resorted  to,  the 
drug  should  be  in  coarse  powder. 

Infusions  are  usually  made  by  pouring  pure  water  upon  the 
drug  contained  in  a  suitable  well-covered  vessel,  then  allowing  it 
to  stand  (macerate)  until  cold,  or  for  a  specified  period  (for 
instance,  one-half  hour),  as  directed  in  the  U.  S.  P.  Other  Phar- 
macopoeias direct  that  after  the  addition  of  boiling  water  the 
vessel  (well  closed)  be  placed  on  a  steam-bath  and  allowed  to 
"  digest"  for  5  or  10  minutes.  The  process  of  cold  percolation  is 
employed  only  in  the  U.  S.  Pharmacopoeia  (Infusum  Cinchonae, 
Infusum  Pruni  Virginianae). 

The  general  strength  of  infusions,  unless  otherwise  specified  (as 
should  DC  done  in  the  case  of  potent  drugs),  is  1  part  of  the  drug, 
in  coarsely  comminuted  condition,  to  20  parts  of  the  finished 
product.  The  twenty  parts  of  boiling  water  are  poured  upon  the 
drug,  and  the  mixture  allowed  to  macerate  for  half  an  hour.  It 
is  then  strained,  with  little  or  no  pressure,  enough  hot  water  being 
poured  through  the  strainer  to  make  the  product  up  to  the  desired 
quantity. 

In  preparing  infusions  of  aromatic  drags  or  of  such  as  contain 
volatile  principles,  the  operator  should  exercise  some  judgment 
and  care,  for  in  these  cases  prolonged  contact  with  hot  water  may 
injure  or  destroy  these  principles,  and  too  high  a  temperature 
may  extract  starch  and  inert  matter. 

Infusions  are  best  prepared  by  suspending  the  drug  contained 
in  a  porous  container*  in  the  upper  part  of  the  infusion  vessel, 
thereby  securing  its  exhaustion  by  means  of  circulatory  displace- 
ment. The  water,  on  becoming  saturated,  sinks  to  the  bottom, 
displacing  a  fresh  portion,  which  rises  so  as  to  come  into  contact 
with  the  drug.  This  method  renders  it  unnecessary  to  stir  the 
mixture.  Such  a  form  of  infusion  pot  is  found  in  that  devised 
by  Squire  (Fig.  325),  which  consists  of  a  plain  porcelain  pot,  in 
which  is  suspended  a  perforated  diaphragm  for  holding  the  drug, 
the  whole  being  covered  by  a  well-fitting  lid.  The  hot  or  cold 
water  is  poured  into  the  pot  until  the  drug  is  just  covered;  the 
pot  is  then  covered  and  set  aside  for  the  specified  time,  when  the 


*  The  dnig  must  be  coarse  enough  not  to  fall  through  the  perforatioDS. 
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infusion  is  poured  off.  If  the  volume  is  not  sufficient,  an  addi- 
tional quantity  of  water  is  poured  over  the  drug  until  the  desired 
quantity  is  obtained.  When  such  a  mug  is  not  at  hand,  an 
ordinary  porcelain  teapot  may  be  used,  in  whicli  the  drug,  con- 
tained in  a  bag  of  cheese-cloth,  is  suspended  (by  means  of  a 
string,  through  the  hole  in  the  lid)  in  the  hot  water.  Both  of 
these  methods  render  straining  unnecessary.  Vig.  326  illus- 
trates another  form  of  tinned  copper  infusion  mug  in  which  the 
inner  vessel,  a-d,  is  suspended  in  an  outer  bath,  b-c,  which  contains 
boiling  water,  the  entire  vessel  being  placed  upon  a  gas  stove. 

The  process  of  percolation  is  employed  in  making  infusions  of 
those  drugs  the  active  principles  of  which  are  readily  taken  up 
by  cold  water.    Percolation  can  be  successfully  applied  to  infu- 


Squlre-a  iDfUilon  Mug. 

sions,  since  the  proportion  of  water  to  drug  is  relatively  very 
large;  hence  exhaustion  is  insured. 

Infusions  which  contain  volatile  oils  will  keep  much  longer  and 

better  than  those  not  containing  them,  or  those  in  which  albumin- 
ous and  mucilaginous  matters  predominate.  Preservative  agents, 
such  as  alcohol,  boric  or  salicylic  salts,  etc.,  should  not  be  used 
unless  specially  ordered ;  it  is  often  advisable  to  heat  the  infusion 
to  the  boiling  point,  and  to  transfer  it,  while  hot,  to  small  bottles, 
which  should  be  entirely  filled,  corked,  and  sealed. 

Infusions  should  not  be  made  from,  fiuid  ezfrada. 

An  aqueous  infusion  of  a  drug  will  often  have  an  entirely  differ- 
ent therapeutic  effect  from  an  alcoholic  or  hydro-ulcoholic  prepar- 
ation of  tiie  same,  since  the  different  menstrua  will  dissolve  out 
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different  principles  or  different  proportions  of  the  principles. 
Thus,  an  aqueous  infusion  of  digitalis  is  a  powerful  diuretic, 
while  a  preparation  made  by  adding  the  corresponding  amount 
of  fluid  extract  or  tincture  of  digitalis  to  water  will  be  but  feebly 
diuretic,  but  act  powerfully  upon  the  heart. 

Moreover,  the  addition  of  concentrated  alcoholic  or  fluid  ex- 
tracts to  water  is  nearly  always  accompanied  by  precipitation, 
which  renders  the  preparation  so  unsightly  as  to  necessitate  filtra- 
tion, and  this,  if  done,  will  often  remove,  practically,  most  of  the 
activity,  the  result  being  a  worthless  preparation.  Besides,  the 
introduction  of  alcohol  into  the  preparations  which  is  caused 
thereby,  is,  in  many  cases,  seriously  objected  to  by  the  physician. 
It  is  a  direct  violation  of  the  pharmacopoeial  instructions  and  of 
the  intentions  of  the  physician. 

Infusions  are  incompatible  with  salts  of  the  heavy  metals,  such 
as  iron,  mercury,  silver,  etc. 

INFUSA,  U.  S.  p. 

Titie.  Per  Cent,  qf  Active  OonstUaent*       '  Properties— Dote. 

By  Maceration.              !  ' 

Infasum  Digitalis,     .    .     Digitalis,  1.5  %.  |  Diuretic,  etc.,  4  to  15 Cc. 
Inlusum    Sennffi    Com-  , 

poeitum, Senna,    6.^  ;     MgSO^  and   '  Pargative,  30  to  80  Co. 

I      Manna,  each  12  ^ .  I 

By  Percolation.              j  | 

Infoanm  Cinchona:,   .   .   '  Cinchona,  6%,  ;  Tonic,  30  to  60  Cc. 
Infasum  Prani  Yirgini- 

anae, Wild  Cherry  Bark,  4  % .  Tonic,   SedAtive,  30  to 

90  Cc. 


*  See  Footnote  on  page  225. 
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DECOCTA. 

Decoctions  (decoquo,  I  boil  thoroughly)  are  aqueous  solutions 
of  the  soluble  matter  of  drugs,  obtained  by  boiling  with  water. 
Decoctions  are  prepared  from  those  drugs  the  active  principles 
of  which  are  not  materially  injured  or  dissipated  by  heat  and  are 
not  readily  extracted  by  cold  or  warm  water.  The  process  should 
be  performed  with  care,  so  as  to  avoid  subjecting  the  drug  to  too 
high  a  degree  or  too  long  an  application  of  heat,  for  it  must  not 
be  forgotten  that  with  increase  of  the  amount  of  extractive  present 
the  boiling  point  rises. 

Earthenware  vessels  are  generally  preferred  for  making  decoc- 
tions.    However,  tinned  copper  answers  just  as  well. 

The  general  method  for  the  preparation  of  decoctions  when  the 
strength  is  not  specified  (which  should  be  done  in  the  case  of 
potent  drugs)  is  as  follows :  The  substance  (1  part),  in  a  coarsely 
comminuted  condition,  is  placed  in  a  suitable  vessel  provided 
with  a  well-fitting  cover,  together  with  20  parts  of  cold  pure 
water.  The  vessel  is  then  covered  and  the  contents  boiled  for 
fifteen  minutes.  When  the  temperature  has  fallen  to  about  40° 
C.jthe  mixture  is  expressed  and  strained,  and  sufficient  cold  water 
passed  through  the  strainer  to  make  the  finished  product  measure 
20  parts  by  volume. 

On  standing,  decoctions  usually  deposit  a  sediment  which 
should  not  be  removed.  What  has  been  said  about  the  preserva- 
tion and  incompatibles  of  infusions,  may  also  be  applied  to  decoc- 
tions. Decoctions  should,  for  like  reasons,  not  be  prepared  from 
^uid  extracts. 


TiUe, 

DecoctDm  Cetrariae.   .    .    . 
''        Sarsaparillse 
Compositum, 

DECOCTA,  U.  S.  P. 

F>sr  Osnt.  qf  Main  CbrutUuaUs* 

IcelaDd  Moss,  5  % . 

Spra.,   10   %  ;    Snfif.,   2   %  ; 
Guaiac,  2  fo  ;  Glycyr.,  2%  ; 
Mezeream,  1  fc. 

Properties. 
Demalcent. 

Alterative. 

*  See  Footnote  on  page  225. 
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MUCILAGINES. 

Mucilages  are  aqueous,  viscid  and  adhesive  solutions.  Under 
this  term,  the  U.  S.  Pharmacopoeia  understands  a  solution  of  a 
plant  gum,  or  substance  of  a  mucilaginous  nature.  In  other  phar- 
macopoeias this  term  is  made  to  embrace  also  solutions  of  starch 
and  dextrin.  Mucilages  are  very  prone  to  ferment,  becoming  sour 
and  oflFensive ;  they  should  therefore  be  made  in  small  quantities, 
and  preserved  in  well-closed  jars  in  a  cool  place. 

These  solutions  may  be  prepared  by  suspending  the  substance, 
enclosed  in  a  bag  of  cheese-cloth,  in  a  vessel  of  hot  or  cold  water. 
In  some  instances  it  is  desirable  to  employ  water  impregnated 
with  the  soluble  parts  of  tolu  (tolu  water)  as  solvent,  the  presence 
of  the  balsam  tending  to  preserve  the  preparation  from  fermen- 
tation. Other  preservative  agents  may  sometimes  be  used,  par- 
ticularly when  the  mucilage  is  not  intended  for  internal  use. 
Thus,  mucilage  of  acacia  may  be  preserved  by  the  addition  of 
about  10  grains  of  chloral  to  the  ounce. 


MUCILAGINES,  U.  S.  P. 


Cold  Process. 

Mncila^o  Acacise 

**        Sassafras  MeduUs   .    .   . 

Hot  Process. 


Mncilago  Tragacanthae  f 
Ulmi  .... 


Per  Cent,  qf  Main  ConttituenU.* 

Acacia,  34  %. 
Sassafras  Pith,  2  % . 

Trugacanth,  6  %  ;  Glycerin,  18  %. 
Elm,  6  fc. 


*  8ee  Footnote  on  page  225. 

fThis  may  be  quickly  prepared  hj  placing  the  powdered  trat^canth  in  a  dry  graduate,  adding 
aufficient  alcohol  to  form  a  thin,  smooth  paste,  then  pouring  in  the  neceifsary  amount  of  boiling  water, 
agitating  constantly  with  a  spatula  until  a  thin,  smooth  mucilage  results. 


CHAPTER  XXVII. 

ACETOUS  SOLUTIONS. 

ACETA-(Vinegar8). 

Medicated  Vinegars  are  solutions  of  medicinal  principles  in 
diluted  acetic  acid  (or  vinegar).  This  class  of  preparations  was 
formerly  made  by  using  vinegar  as  a  solvent,  but,  owing  to  the 
presence  in  the  latter  of  extractive  matters,  and  its  variable 
strength,  they  were  prone  to  undergo  decomposition  upon  stand- 
ing. Hence  to  secure  the  permanency  of  the  preparation,  diluted 
acetic  acid  of  definite  strength  has  been  substituted  for  vinegar. 
This  has  peculiar  solvent  powers,  in  that  it  takes  up  many  organic 
principles  (alkaloids,  glucosides,  etc.)  which  are  not  soluble  in 
water  alone.  These  vinegars,  even  when  prepared  with  diluted 
acetic  acid,  are  prone  to  deposit  a  sediment  and  to  undergo  fer- 
mentation, for  which  reason  some  pharmacopoeias  direct  the  addi- 
tion of  a  small  amount  of  alcohol  to  the  finished  preparation. 
The  U.  S.  Pharmacopoeia  has  adopted  the  uniform  drug  strength 
of  10  per  cent.,  employing  the  official  diluted  acetic  acid,  contain- 
ing 6  per  cent,  by  weight  of  absolute  acid,  as  menstruum. 

There  are  two  vinegars  official,  viz.,  Acetum  Opii  (so-called 
Black  Drop)  and  Acetum  Scillse ;  these  are  made  by  the  process 
of  maceration. 


rule. 

Acetnm  Opii  (Black  Drop), 
Acetum  ScilUe,    ..... 


Aciim  OoTuHhtent.* 

Opium,  10  %. 
SquUl,  10  %. 


Properliet—Dose, 

Sedative,  0.3-1  Cc. 
Expectorant  1-3  Cc. 


*  See  Footnote  on  page  225. 
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CHAPTER    XXYIII. 

ALCOHOLIC  OR  HYDROALCOHOLIC  SOLUTIONS. 

SPmiTUS— (^pinte). 

Spirits  are  alcoholic  solutions  of  volatile  substances.  Accord- 
ing to  the  nature  of  the  substance  dissolved  and  the  method  of 
procedure,  we  may  divide  the  25  oflBcial  spirits  into  three  classes, 
viz.,  those  prepared  by 

1.  Solution  in  Alcohol.  2.  Chemical  Reaction  and  Solution. 
3.  Distillation. 

The  Spirits  should  be  kept  in  well  stoppered  vials  in  a  cool 
place. 

1.  SPIRITS  PREPARED  BY  SOLUTION  IN  ALCOHOL. 

These  are  made  by  dissolving  or  macerating  the  substance  or 
substances  directly  in  alcohol.  In  preparing  the  so-called  essericea, 
only  the  best  quality  of  volatile  oils  should  be  employed ;  in  three 
instances  maceration  is  called  for  (Sp.  Limonis,  Menthse  piped tse, 
and  Menthee  viridis). 


TUle. 

Spibitus 

iEtheris, 

^theris  Compositus,    \ 

AmmonisB,* 


Ammoniffi      Aromati- 


cati, 


Araygdalee  Amarse,   . 

Anisi, 

Aarautii, 


I 


Aurantii  Compositos, 


Camphorse,  . 

Chloroform  i, 
CianaQioini, 
Gaaltherise, 
Glonoinif     . 


Active  Conttituents. 

Ether,  32.5  %  vol. 
Ether,  32.5  %  vol. 
Ethereal  Oil,  2.5%  vol. 
Gaseous  Ammonia,  10  %  wt. 
Ammonia  Carb. 
Ammonia  Water. 
Oils,  Lemon,  Lavender,  Nut- 
meg. 
Oil,  1  %  vol. 
Oil,  10  %  vol. 
Oil,  5  %  vol. 
Oil,  Orange,  20J^  vol. 
Oil,  Lemon,  5  yo  vol. 
Oil,  Coriander,  2  %  vol. 
Oil,  Anise,  J  %  vol. 
Camphor,  10  %  wt. 

Chloroform,  6  %  vol. 
Oil,  10  %  vol. 
Oil,  5  %  vol. 
CjHjCNO,),  1  %  wt. 


Juniperi, Oil,  5  %  vol. 

Oil,  Juniper,  0.4  %  vol. 


Juniperi  Compositns, 


■{ 


Oil,  Caraway,  0.05  %  vol. 
Oil,  Fennel,  0.05  %  vol. 


U9e—Doae. 

Stimulant,  3-10  Cc. 
Anodyne,  2-6  Cc. 
Anodyne,  2-6  Cc. 
Stimulant,  0.5-2  Cc. 


Stimulant,  2-4  Cc. 

Flavor. 
Flavor. 
Flavor. 
Flavor. 
Flavor. 
Flavor. 
Flavor. 
Stimulant ;     Sedative, 

0.3  4  Cc. 
Sedative,  0.6-4  Cc. 
Stimulant,  1  Cc. 
Flavor. 
Cardiac    Stimulant, 

0.06-0.1  Cc. 
Diuretic,  2-4  Cc. 


Diuretic,  7-15  Cc. 


•  Some  pharmacopcBias  recognize  this  under  the  title  of  Liquor  Ammonii  Caustici  Spirituosus. 
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TUle. 

Lavandalsd,     .   . 
Limonis,  .... 
MenthsD  Piperitee, 
MenthsB  Viridis, 


MjrcisB, 


Myristicse, 
Phosphori, 


{ 


Active  Corutituentt. 
Oil,  6  %  vol. 

Oil,  5  %  vol. ;  Peel,  5  %  wt. 
Oil,  10  %  vol. ;  Herb,  1  %  wt. 
Oil,  10  ^  vol.;  Herb,  1  ^  wt. 
Oil,  Bay,  0.8  %  vol. 
Oil,  Orange,  0.05  %  vol. 
Oil,  Allspice,  0.05  %  vol. 
Oil,  5  %  vol. 
Phosphorus,  0.12  %  wt. 


Ute—Dose, 

Flavor. 
Flavor. 

Carminative,  1-2  Cc. 
Carminative,  1-2  Cc. 


Perfame. 

Flavor. 

Elixir  Phosphori. 


2.  SPIRITS  PREPARED  BY  CHEMICAL  ACTION  AND  SOLUTION. 

There  is  but  one  spirit  official  which  belongs  to  this  class,  viz., 
Spiritus  iEtheris  Nitrosi.  By  the  reaction  between  nitrous  acid 
(derived  from  sodium  nitrite)  and  alcohol,  ethyl  nitrite  is  pro- 
duced ;  and  this  is  preserved  by  solution  in  alcohol.  The  solution 
should  contain  4  per  cent,  of  ethyl  nitrite. 


3.  SPIRITS  PREPARED  BY  DISTILLATION. 

Aside  from  the  two  given  under  this  class,  some  of  those  of 
Class  1  may  be  prepared  by  distillation,  yielding  a  product  of  a 
more  delicate  flavor  and  odor  than  that  produced  by  mere  solu- 
tion. 

PrepartUion. 

Distillation  of  mash  of  fer- 
mented grain,  and  at  least 
2  years  old. 

Distil  lation  of  fermented  j  nice 
of  grapes,  and  at  least  4 
years  old. 


TUlt. 

Spihtos  Frumenti,    . 
Spiritns  Vini  Gallici, 


Per  Cent,  of  AleohoL 
44  %    to  50  %   wt.,  or 
60  %  to  58  ^  vol. 

39  %  to  47  J^   wt,,  or 
46  ^  to  56  %  vol. 


EXPLANATORY. 


Spiritus  uEtheris  Nitrosi  (Sweet  Spirit  of  Nitre). — This  is  an 
alcoholic  solution  of  ethyl  nitrite  (C2H3ONO  or  C2H5NO2)  an  or- 
ganic compound  belongmg  to  the  class  of  esters.  This  was  made, 
according  to  the  U.  S.  Pharmacopoeia  of  1880,  by  the  action  of 
nitric  acid  on  alcohol : — 


(a)  QH^OH     -f     HNO, 

Alcohol.  Nitric  Acid. 

(b)  CjHjOH     -h     HNO, 

Alcohol.  Nitrous  Acid. 

(c)  CH,CX)H    +     HNO, 
Acetic  Aldehyde.     Nitric  Acid. 


=     CHgOOH 

Acetic  Aldehjde. 

=     CsH^NO, 

Ethyl  Nitrite. 

=    CHsCOOH 

Acetic  Acid. 


-h     HNO,      4- 

Nitrous  Add. 

+       H,0 

Water. 

+      HNO, 
Nitrous  Acid. 


H,0 
Water. 


This  process  is  objectionable  for  two  reasons :  first,  because  the 
operation  is  difficult  to  regulate,  and  dangerous  to  the  inexperi- 
enced operator;  and  second,  because  the  product  is  largely  contami- 
nated with  aldehyde  (also  acetic  ether^,  which  soon  oxidize  to 
acetic  acid,  causing  a  gradual  decomposition  of  the  ester. 

The  present  pharmacopoeia  process  possesses  the  advantage, 
that  it  is  easily  operated  and  controlled,  and  that  it  yields  a  pure 
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ethyl  nitrite,  free  from  aldehyde  and  acetic  ether.  The  nitrous 
acid  is  produced  by  the  reaction  between  sodium  nitrite  and 
sulphuric  acid  (NaNOj  +  H3SO4  =  NaHSO^  +  HNO2)  in  the  pres- 
ence of  alcohol;  *  hence,  the  liberated  acid  reacts  in  statu  nascendi 
upon  the  alcohol,  with  immediate  production  of  ethyl  nitrite, 
wnich  distills  over,  contaminated  with  alcohol  and  free  nitrous 
acid.  These  latter  two  are  removed  by  pouring  the  entire  distillate 
into  a  separating  flask  containing  a  solution  of  the  sodium  car- 
bonate in  ice-cold  water,  then  washing  the  ethyl  nitrite  (which 
floats  on  the  surface  as  a  yellowish-colored  liquid)  by  rotating  (not 
shaking);  the  alkaline  solution  absorbs  the  alcohol  and  nitrous 
acid.  The  acjueous  solution  is  then  drawn  off",  and  any  trace  of 
water  remaining  in  the  ethyl  nitrite  is  removed  by  snaking  it 
with  a  little  dry  potassium  carbonate.  This  operation  should  not 
be  performed  in  the  neighborhood  of  a  stove  or  gas  flame,  because 
of  the  extreme  volatility  and  inflammable  nature  of  the  ester. 
It  is  well  to  place  the  separating  flask  on  ice  at  intervals  while 
operating. 

The  presence  of  water  and  the  action  of  sunlight  and  air  on 
pure  spirit  of  nitre  cause  its  rapid  decomposition  (shown  by 
its  acid  reaction^  by  the  splitting  up  of  ethyl  nitrite  into  nitrous 
acid  and  alcohol ;  hence  tne  preparation  should  be  preserved  in 
well-stoppered  vials  in  a  cool  and  dark  place.  Spirit  of  nitrous 
ether  should  never  be  kept  in  laree  vessels  (carboys),  since,  owing 
to  its  volatile  nature,  it  rapidly  loses  strength.  Acetic  acid  fre- 
quently occurs  in  samples  of  the  commercial  spirit;  this  is  due  to  its 
having  originally  contained  aldehyde,  which,  under  ordinary 
conditions,  rapidly  oxidizes  to  acetic  acid  (CH3COH  +  0  =  CHj- 
COOH),  imparting  an  acid  reaction  to  the  preparation,  and  caus- 
ing effervescence  when  a  crystal  of  potassium  bicarbonate  is 
dropped  into  it. 

Only  the  deodorized  alcohol  of  the  U.  S.  P.  should  be  used  in 
this  preparation ;  in  the  presence  of  a  weaker  alcohol,  the  ethyl 
nitrite  rapidly  undergoes  decomposition ;  hence  the  fraudulent 
dilution  of  spirit  of  nitrous  ether  with  water  is  a  very  reprehen- 
sible practice.  Spirit  of  nitrous  ether  yields  a  green  color  with 
antipyrine ;  if  it  contains  any  free  nitrous  acid,  it  liberates  iodine 
and  bromine  from  their  combinations.  The  presence  of  traces  of 
nitrous  acid  may  be  detected  by  the  blue  coloration  of  guaiac 
paper.  Alkalies,  w4ien  allowed  to  remain  in  contact  with  the 
spirit,  cause  its  gradual  decomposition. 

The  proportion  of  nitrous  ether  in  spirit  of  nitre  cannot  be 
ascertained  by  means  of  its  specific  gravity,  for  the  addition  of 
ethyl  nitrite  (sp.  gr.  0.900)  to  deodorized  alcohol  (sp.  gr.  0.816), 
increases  the  specific  gravity  of  the  latter  the  same  as  does  water. 


*  It  should  he  notod  that  the  amount  of  Sodium  Nitrite  directed  in  the  formula  given  by  the  l"^.  8. 
Pharmacoptpia  is  too  large.  It  would  be  correct  if  Potassium  Nitrite  had  been  directed.  The  proijer 
amount  i»  6:^5  (im.  The  specific  gravity  of  Spirit  of  Nitrous  Ether  is  nearly  0.820,  not  0  836  —  0.842 
as  given  in  the  earlier  issues  of  the  U.  S.  P. 
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Fig.  327. 


Assay* — The  process  of  the  Pharmacopoeia  is  that  proposed  by 
A.  H.  Allen,  in  1885.  It  consists  in  measuring  the  volume  of 
nitrogen  dioxide  given  off  by  a  known  volume  of  the  spirit, 
when  decomposed  by  the  addition  of  potassium  iodide  and  sul- 
phuric acid  according  to  the  following  equation : — 

^HftNO,     -h    KI     -h     H^4     =     C^HjOH    +     KHSO4     -f    I    +    NO 

Ethyl  Nitrite.      Potassium   Sulphuric  Acid.  Alcohol.  Potawium  Acid    Iodine.     Nitrogen 

78.87  Iodide.  Sulphate.  Dioxide. 

29.97 

From  this  it  is  seen  that  78.87  Gm.  of  ethyl  nitrite  will  yield 
29.97  Gm.  of  nitric  oxide,  which  measures  under  normal  pressure 
at  0°  C.  (32°  F.)  22327  Cc.  One  gramme  of  ethyl  nitrite  will 
yield  at  0°  C.  298.249  Cc.  of  nitric  oxide 
gas,  or  1  Cc.  of  the  gas  will  represent 
0.0033529  Gm.  of  ethyl  nitrite. 

NO  CjHjNO,  NO     CiHsNO, 

298.249  Cc.     :    1.0  1  Cc.     :    x. 

X  =  0.0033529. 

It  will  be  observed  that  the  above 
figures  express  the  volume  of  the  gas  at 
0°  C.  As  we  cannot  carry  on  the  opera- 
tion at  this  temperature,  we  must  make 
an  allowance  for  the  difference  in  volume 
of  gas  at  higher  temperatures.  Accord- 
ing to  the  law,  gases  increase  ^^r  ^^ 
volume,  or  0.003663  Cc.  for  each  degree 
Centigrade.  For  example,  let  us  assume 
that  we  have  obtained  40  Cc.  of  gas,  the 
temperature  being  20°  C,  and  the  baro- 
metric pressure  740  Mm.  It  is  first  nec- 
essary to  reduce  this  volume  to  cubic 
centimeters  expressed  at  0°  C.  This  is 
done  by  dividmg  the  number  of  cubic 
centimeters  obtained  by  1,  plus  as  many 
times  0.003663  as  there  are  degrees  of 
temperature;  thus  we  divide  40  by 
1.07326  [1  +  (20  X  0.003663)],  whereby 
we  obtain  37.26  Cc,  at  0°  C,  and  at  the 
normal  barometric  pressure  of  760  Mm. 
(30  inches).  If  accuracy  is  desired,  we 
must  take  the  degree  of  barometric  pres- 
sure into  consideration,  for  according  to 
Boyle's  law,  "the temperature  remaining 
the  same,  the  volume  of  a  given  quantity  of  gas  is  inversely  as  the 
pressure  it  bears."  Hence  we  may  make  the  necessary  correction 
oy  multiplying  the  volume  of  gas  by  the  number  of  millimeters 
(or  inches)  of  pressure  and  dividing  by  760  (or  30).    Thus,  in  this 


Allen's  Nitrometer  (CurtmaDo's 
Modification). 


*  A  very  exhaustive  article  on  the  assay  of  spirit  of  nitrous  ether  was  published  by  Dr.  C.  O.  Curt- 
mau  in  the  Wutem  Druggist  of  1892,  p.  214. 
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example,  if  the  pressure  be  740  Mm.,  the  corrected  volume  would 
be  (37.26  X  740  ^  760)  =  36.27  +  Cc.  If  it  is  desirable  to 
convert  this  into  weight  of  ethyl  nitrite,  then  we  multiply  36.27 
Cc.  by  0.0033529  (1  Cc.  NO  =  0.0033529  +  Gm.  C2H5NO2)  = 
0.12160  +  Gm.  ethyl  nitrite.  Therefore  40  Cc.  of  nitric  oxide  gas 
at  20°  C,  and  740  Mm.  measure  36.27  Cc.  when  reduced  to 
0°  C.  and  760  Mm.  The  assay  operation  is  performed  with  an 
instrument  called  a  Nitrometer,  of  which  there  are  several  modi- 
fications, that  of  Curtman's  design  being  preferred  by  the  Pharma- 
copoeia.* 

Exercise, — A  sample  of  5  Cc.  of  spirit  of  nitrous  ether,  when 
assayed  by  the  U.  S.  P.  process,  yielded  50  Cc.  of  nitric  oxide 
gas,  the  temperature  of  the  room  (and  that  of  the  liquid  in  the 
nitrometer)  being  25°  C,  aad  the  barometric  pressure  750  Mm. 
How  much  nitric  oxide  (NO),  by  volume  will  it  yield,  and  also 
what  per  cent,  by  weight  will  it  contain  of  ethyl  nitrite? 

50  Cc.  -+- 1.091575  [1  -|-  (25  X  0.003663)]  =  45.85  Cc.  (corrected  for  temperatureV 
(45.85  Cc.  X  750  -*-  760)  =  45.24  Cc.  Nitric  Oxide  (corrected  for  temperature  and 
presBare. 

Hence  5  Cc.  of  the  spirit  of  nitre  yield  9.04  +  times  its  volume 
(45.24  Cc.)  of  nitric  oxide  gas. 

45.24  Cc.  X  0.0033529  =  0.151686  +  Gm.  Ethyl  Nitrite. 
Spir.  Nitre.  Ethyl  Nitrite. 

5Cc.  =4.1Gm.     :    0.151685        ::        100    :    « 

a:  =  3.7  ^ 

Therefore  the  sample  contains  3.7  per  cent,  by  weight  of  ethyl 
nitrite. 

Exercise, — Were  it  possible  to  obtain  the  theoretical  yield  with 
no  loss,  how  much  ethyl  nitrite  could  be  made  from  550  cubic 
centimeters  of  deodorized  alcohol  U.  S.  P.  ? 

We  first  ascertain  how  much  100  per  cent,  alcohol  is  contained 
in  550  Cc.  of  deodorized  alcohol ;  550  X  0.816  (sp.  gr.)  —  448.8 
Gm.  by  weight;  92.5  per  cent,  of  this  =  415.14  Gm.  of  pure 
alcohol. 

The  reaction  takes  place  according  to  the  equation — 


CjHsOH 

+          HNO,          = 

QHjNO, 

-h 

H,0 

Alcohol. 

NitrouB  Acid. 

EtliTl  Nitrite. 
74.8  p. 

Water. 

46  p. 

As  46  parts  of  absolute  (100  per  cent.)  alcohol  are  capable  of 
yielding  74.8  parts  of  ethyl  nitrite,  hence  415.14  Gm.  of  alcohol 
would  yield  675.05  Gm.  of  ethyl  nitrite. 


AlootioL 
46 


Ethyl  Nitrite.  Alcohol 

74.8         :  :         415.14 
X  =  675.05 


Ethyl  Nitrite. 

X 


Therefore,  if  the  conditions  above  stated  could  be  carried  out, 
we  would  obtain  a  yield  of  675.05  Gm.  of  ethyl  nitrite. 


*  The  instructions  for  operating  this  are  given  in  the  U.  S.  P.,  part  iv,  page  509. 
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Spiritus  Gloxoini  (Liquor  Trinitrini  B.  P. — Spirit  of  Nitro- 
glycerin).— ^This  contains  1  per  cent,  bjr  weight  of  glonoin  (gly- 
ceryl or  propenyl  trinitrate),  or,  as  it  is  more  properly  known, 
nitroglycerin.  The  latter  is  obtained  by  the  action  of  a  cold 
mixture  of  nitric  and  sulphuric  acids  on  glycerin ;  the  reaction 
being 

CjHjCOH,)      -h     3HN0,     =     CsHjCNO,),  +  3H,0 
Glycerin.  Nitric  Add.  Kitrogljoerin.       Water. 

Owing  to  the  explosive  nature  of  nitroglycerin,  special  attention 
is  directed  to  the  precautions  given  by  the  Pharmacopoeia  in 
regard  to  the  storage  and  handling  of  the  Spirit.  As  a  remedy 
it  should  be  dispensed  with  caution,  being  a  powerful  cardiac 
stimulant  in  doses  of  one  to  two  minims. 
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VINA  3IEDIC ATA— (ifecfimter^  IFtna). 

Medicated  Wines  are  a  class  of  preparations  similar  to  tin3- 
tures,  only  differing  as  to  menstruum,  which  is,  according  to  the 
U.  S.  Pharmacopoeia,  either  a  dry,  white  wine  (Vinum  Album)  or 
a  mixture  of  white  wine  with  alcohol. 

Red  Wine  (Vinum  Rubrum)  does  not  enter  into  any  of  the 
official  medicated  wines.  Since  wines  themselves  readily  undergo 
fermentation  when  exposed  to  the  air,  the  medicated  wines,  which 
contain  additional  extractive  matter,  are  still  more  prone  to  de- 
composition, undergoing  acetic  and  mucous  fermentation,  becom- 
ing thereby  ropy  and  sour. 

In  all  instances,  in  order  to  enhance  the  stability  of  the  pre- 
paration, the  Pharmacopoeia  has  directed  the  addition  of  alconol, 
either  direct,  or  in  the  flavoring  constituent.  Though  not  as 
stable  as  the  tinctures,  the  medicated  wines  present  an  advantage 
in  being  of  a  lesser  alcoholic  strength,  hence  possessing  a  lower 
stimulating  effect,  which,  in  the  case  of  the  tinctures,  often  inter- 
feres with  the  action  of  certain  medicinal  agents,  such  as  sedatives, 
expectorants,  etc. 

The  greatest  care  should  be  exercised  in  selecting  only  the 
purest  wine  obtainable,  and  it  should  be  subjected  to  the  proper 
tests  as  specified  in  the  Pharmacopoeia.  Medicated  Wines,  owing 
to  their  liability  to  change,  should  be  made  up  in  small  quantities 
only,  and  kept  in  well-stoppered  bottles,  in  a  cool  place. 

It  is  a  very  important  point,  in  the  preparation  of  medicated 
wines,  to  observe  that  the  wine  employed  be  of  proper  alcoholic 
strength.  With  this  object  in  view,  the  U.  S.  Pharmacopoeia  has 
given  a  ready  method  for  the  estimation  of  alcohol  in  wines,  which 
IS  also  applicable  to  some  tinctures  and  fluid  extracts.  In  addi- 
tion to  this,  there  is  another  accurate  method  which  is  often 
employed  by  chemists ;  this  consists  in  mixing  a  certain  volume 
(say  50  Cc.)  of  a  wine  or  fluid  containing  alcohol  with  an  equal 
bulk  of  water  (neutralizing  any  free  acid  that  may  be  present,  by 
the  addition  of  a  little  chalk),  then  distilling  carefully  until  a 
volume  of  distillate  is  obtained,  equal  to  that  of  the  sample  of 
wine  or  fluid  taken  (50  Cc.  as  above).  This  distillate  represents 
the  alcoholic  strength  of  the  sample,  which  is  readily  ascertained 
by  the  determination  of  its  specific  gravity  and  then  finding  the 
corresponding  percentage  in  the  alcoholometric  tables. 
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rule. 

ViNUM 

Antimonii, 

Colchici  Kadicis,    .   . 
Colchici  Seminis,    .   .   . 
Ergotee, 

Ferri  Amarum,  .   .   .   . 

Ferri  Citratis, 

Ipecacaanhffi, 

Opii 

Album, 

Rubram, 


VINA  MEDICATA,  U.  S.  P. 

Active  QmttUuenU.^ 

Tartar-Emetic,  0.4  %. 
Colchicum  Root,  40  %. 
Colchicum  Seed,  15  fc. 
Ergot,  15  fc. 

Cit.  IroD  aDd  Quinine,  5  % . 
Cit.  Iron  and  Ammonium,  4% . 
Fl'd.  Ext  Ipecac,  10  %. 
Powd.  Opium,  10  %. 
Alcohol,  10-14  %,  by  weight. 
10-14  %, 


Properties.         Dotf. 

Expectorant,  30-60  n\,. 
Diuretic,  10-60  tn,. 

"  30-120  n\,. 

Emmenagoj];ue, 

Parturient,  3-15  Cc. 
Tonic,  8-15  Ckj. 

&-15  Cc. 
Expectorant,  10-30  nt. 
Sedative,  15-20  n^. 

Base. 


it 


(( 


It 


*  See  Footnote,  page  225. 
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TINCTURE— (  Tinctures), 

Ttnkturen^  Germ. ;  Teintures^  AlcooUs^  French  ;  Alcoholados,  Span. 

Tinctures  are  alcoholic  or  partially  alcoholic  solutions  of  the 
useful  constituents  of  drugs,  which  are  usually  not  wholly  solu- 
ble in  the  menstruum.  (Tincture  of  Iodine,  Tinct.  of  Ferric 
Chloride,  and  perhaps  a  few  others  are  included  in  this  class  from 
Jong  custom). 

Menstruum. — ^The  strength  of  the  menstruum  employed  in 
different  tinctures  varies  according  to  the  nature  of  the  drug. 
Before  a  suitable  menstruum  can  be  selected,  the  nature  of  the 
active  constituents  of  the  drug  must  be  studied,  and  such  a  sol- 
vent selected  as  will  take  up  those  principles  with  as  little  inert 
matter  as  possible,  and  yet  yield  a  permanent  and  elegant  prep- 
aration. For  this  reason,  various  menstrua  are  directed  by  the 
Pharmacopoeia,  and  unless  for  a  satisfactory  reason,  a  weaker  or 
stronger  menstruum  than  that  directed,  should  not  be  employed. 

The  most  common  menstruum  employed  is  alcohol  diluted  to 
different  degrees  of  strength.  The  alcohol  of  the  U.  S.  Pharma- 
copoeia is  directed  to  be  of  the  specific  gravity  0.820 ;  that  of  the 
British  0.838;  of  the  German,  0.830  to  0.834 ;  and  of  the  French, 
0.819.  In  a  few  instances,  the  U.  S.  Pharmacopoeia  directs  the 
addition  of  glycerin  to  the  menstruum ;  this  adds  to  the  perma- 
nency of  tinctures  containing  tannin-like  principles.  Such  men- 
strua as  aromatic  spirit  of  ammonia  and  ethereal  spirit  (ether  7  p., 
alcohol  3  p.),  are  also  employed,  these  being  known  as  ammoniated 
tinctures  and  ethereal  tinctures.'^ 

Strength. — The  U.  S.  Pharmacopoeia  directs  a  certain  quantity 
of  the  air-dried  drug,  expressed  in  grammes,  to  be  employed  to 
make  1000  cubic  centimeters  of  the  finished  tincture. 

The  British  Pharmacopoeia  directs,  on  an  average,  one  part  (by 
weight)  of  the  drug  to  be  represented  by  8  parts  by  measure  of 
the  finished  tincture.  In  the  French,  German  and  Austrian 
Pharmacopoeias,  one  part  of  the  drug  (by  weight)  is  represented 
by  5  or  10  parts  (by  weight)  of  the  tincture.  The  strength  of 
tinctures  prepared  from  potent  drugs  varies  considerably  among 
different  foreign  Pharmacopoeias.  It  is  therefore  well  to  bear 
this  important  point  in  mind  in  dispensing  U.  S.  Pharmacopoeia 
tinctures  in  foreign  prescriptions. 


*  Teinttire*  ithiries  of  the  French  Pharmacopoeia. 
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TlNCTUBA.— 100  PaBTS. 


Parts  of  Drug  (dry). 


Aconiti  (leaTee), 

"       (root), 

AlOBS, 

Belladonnse  Follorum,     .  .  . 
CaunabiB  Indicte  (herb),  .  .  . 

•'  "       (extract),     . 

Cantharidis, 

CinchoDse, 

Colchici  Semiois 

Disitalifl  (Pb.  Ger.  fresh  palp), 

OeMeniii, 

Hyoflcyaml, 

lodi, 

IiOl)el  is 

Nucia  Vomicae  (fr.'strycimi)* 

Opii,    .  .  

PnysostigmatlB, 

Rhei, 

Stramonli  Seminis, 

"         Follorum,     .... 

Veratri(albi) 

Veratri  Viridla, 


By  Weight. 


U.  a  P.* 


35 
10 
15 
25 

• 

5 
20 
15 
15 
15 
15 

7 

20 
Ext.  2  Gma. 
10 
15 
10 
15     . 


40 


Ph.  Ger.      Ph.  Fr. 


10 


10 
20 
10 
83.8 


9.1 
20 
10 
10 

10  Aq. 


10 


20 
20 
20 
20 
20 

10 
20 
20 
20 

20 
7.7 
20 
20 
IS 
20 
20 

•      a 

20 
20 


By  Measure. 


B.  P. 


12.5 
2.5 
5 

• 

5 

1.25 
20 
12.5 
12.5 
12.5 
12.5 

2.5 
12.5 
Ext  114  gn* 

7.5 

•      • 

10 
12.5 


20 


Preparation. — For  the  preparation  of  tinctures  only  the  beat 
obtainable  quality  of  a  drug  should  be  employed.  The  use  of 
cheap  and  second-rate  material  is  a  culpable  and  reprehensible 
practice.  The  market  affords  an  abundance  of  first-class  drugs 
at  a  reasonable  price  for  the  quality. 

The  various  methods  employed  in  the  preparation  of  tinctures 
are: — first,  Solution;  second,  Maceration;  third.  Digestion;  fourth, 
Percolation. 

1st.  Solution, — This  is  applicable  in  such  instances  as  tinctures 
of  iodine  and  tolu,  where  the  material  is  wholly  or  practically 
soluble  in  alcohol. 

2d.  Maceration.li — This  process  is  preferred  by  the  majority  of 
foreign  pharmacopoeias.  For  this  purpose  large,  strong  bottles 
with  a  wide  mouth  are  selected,  the  drug  (in  coarse  powder  or 
particles)  and  menstruum  are  introduced,  and  they  are  then  well 
corked  and  set  aside  for  a  period  of  from  7  to  14  days.    The  tem- 

Eerature  of  the  room  should  be  about  20°  C. ;  the  bottles  should 
e  conveniently  placed,  so  that  they  may  be  shaken  once  or  twice 
daily.  At  the  end  of  the  period  of  maceration  the  fluid  portion 
is  drained  off,  the  residue  then  transferred  to  the  strainer,  deprived 
of  as  much  of  the  fluid  as  possible  by  hand  pressure,  then  enclosed 
securely  in  the  straining-cloth,  and  subjected  to  pressure  in  a 
tincture  press.    The  tincture  is  allowed  to  settle  and  is  then 


*  This  is  only  approximate  for  the  U.  S.  P.,  for  the  drug  is  expretMed  in  parts  by  vceighi^  and  the 
finished  product  in  parts  by  measure. 

t  Concerning  the  compsratlTe  advantages  and  dlsadvuitages  of  Maceration  and  Percolation,  see 
page  189. 
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filtered.  No  attempt  is  made  to  bring  the  strained  liquid  tfc  a 
definite  volume  by  washing  the  dregs  with  menstruum. 

3d.  Digestion, — This  is  maceration  between  the  temperatures 
of  30°  and  40°  C.  It  is  employed  in  such  cases  where  the  drug 
is  difficult  of  extraction,  or  where  rapid  exhaustion  is  desired. 
In  this  operation  the  drug  and  menstruum  should  be  placed  in  a 
large  glass  flask,  which  is  placed  on  a  water-  or  sand-bath.  The 
flask  is  closed  with  a  perforated  stopper,  into  which  may  be  fitted 
an  inverted  condenser  (Fig.  151),  or  a  long  (4-5  ft.)  plain  glass  tube 
(air  cooler),  for  the  purpose  of  condensing  the  volatilized  solvent. 
The  apparatus  is  allowed  to  become  cold  before  the  contents  are 
drained  oflF. 

4th.  Percolation. — While  the  principle  of  percolation  or  dis- 
placement has  been  known  and  applied  in  chemical  and  indus- 
trial operations  for  a  very  long  time,  it  was  first  applied,  officially, 
to  the  preparation  of  tinctures,  fluid  extracts,  etc.,  in  this  country, 
in  the  Pharmacopoeia  of  1840.-  It  is  now  also  recognized  to  some 
extent  by  the  pharmacopoeias  of  England,  France,  Germany, 
Switzerland,  etc. 

Percolation  as  applied  to  the  preparation  of  tinctures,  although 
demanding  care  and  close  attention,  is  not  fraught  with  the  same 
difficulties  as  in  the  preparation  of  fluid  extracts,  since  the 
volume  of  menstruum  is  largely  in  excess  of  that  necessary  to 
insure  the  exhaustion  of  the  drug.  This  should  not,  however, 
lead  to  carelessness,  for  no  matter  how  large  the  excess  of  men- 
struum may  be,  should  the  operator  have  packed  the  drug  care- 
lessly, and  not  have  devoted  proper  attention  to  the  operation, 
exhaustion  cannot  be  expected.  The  U.  S.  Pharmacopoeia  directs 
a  short  period  of  maceration,  previous  to  beginning  percolation. 
This  precaution  should  always  be  observed,  and  the  time  should 
rather  be  lengthened  than  shortened.  The  British  Pharmacopoeia 
demands  a  preliminary  maceration  of  forty-eight  hours,  which  is 
certainly  a  point  in  its  favor. 

The  U.  S.  Pharmacopoeia  directs  that  the  drug  be  percolated 
until  a  certain  volume  (1000  Cc.)  is  obtained.  Hence,  the  men- 
struum which  is  retained  by  the  drug  is  lost.  Tp  avoid  this,  it 
has  been  suggested  to  adopt  the  method  of  the  British  Pharma- 
copoeia. According  to  this,  after  the  whole  of  the  menstruum 
(equal  in  volume  to  the  quantity  of  tincture  to  be  obtained)  has 
been  added,  and  percolation  ceases,  the  marc  is  to  be  transferred 
to  a  tincture  press,  the  expressed  and  filtered  liquid  mixed  with 
the  percolate,  and  the  whole  then  made  up  to  the  proper  volume 
by  adding  more  menstruum. 

Some  operators  attempt  to  recover  the  menstruum  retained  by 
the  drug  by  forcing  it  out  with  water.  This  is  not  advisable, 
since  the  vegetable  tissues,  on  coming  in  contact  with  water,  swell 
and  often  cnoke  the  percolator.  Besides,  water  takes  up  other 
principles  than  alcohol,  and  since  the  diffusion  of  the  one  into 
the  other  cannot  be  prevented,  this  diluted  menstruum,  generally 
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contaminated  with  inert  extractive,  flows  into  the  more  or 
less  alcoholic  percolate,  causing  thereby  cloudiness  or  precipita- 
tion. 

The  practice  of  preparing  tinctures  by  diluting  Fluid  Ex- 
tracts* should  be  condernnedf  particularly  so  in  the  case  of  potent 
drugs. 

Preservation. — ^Tinctures  should  be  kept  in  well-stoppered 
bottles,  away  from  the  direct  rays  of  the  sun.  As  a  guide  to  the 
estimation  of  the  quality  and  strength  of  tinctures,  the  German 
Pharmacopoeia  specifies  the  limits  of  specific  gravity ;  the  per- 
centage of  dry  residue  left  on  evaporation  on  the  water-bath ;  the 
percentage  of  ash ;  or  the  percentage  of  acid  expressed  in  milli- 
grammes of  KOH,  necessary  to  neutralize  10  Gm.  of  tincture 
diluted  with  100  Gm.  of  water.  These  figures,  however,  do  not 
give  any  decisive  clue  as  to  the  quality  of  the  tincture.  When 
the  activity  of  a  drug  resides  in  certain  definite  proximate  prin- 
ciples, the  only  accurate  method  of  judging  the  quality  of  its 
preparations  is  by  assay.  The  U.  S.  Pharmacopoeia  has  thus 
standardized  two  of  its  tinctures,  viz.,  those  of  Opium  and  Nux 
Vomica. 


TINCTURiE  HERBARUM  RECENTIUM. 

This  class  of  preparations  was  introduced  many  years  ago  by 
Hahnemann,  and  is  extensively  used  at  present  in  homoeopathic 
and  eclectic  practice.  They  were  first  prepared  by  the  addition 
of  the  freshly-expressed  juice  to  twice  its  weight  of  alcohol.  The 
United  States,  as  well  as  French  Pharmacopoeias,  adopted  the 
process  of  Soubeiran,  which  consisted  in  macerating  the  fresh,  cut 
or  bruised  drug  with  alcohol  in  definite  proportions.  As  a  rule, 
these  are  very  active  preparations,  for  it  is  justly  claimed  that  the 
process  of  drying,  in  order  to  prepare  drugs  for  the  process  of 
grinding  and  powdering,  injures  or  alters  many  sensitive  active 
principles.  On  the  other  hand,  uniformity  in  the  strength  of 
these  preparations  cannot  be  expected,  for  the  freshly-collected 
drug  contains  a  variable  amount  of  moisture,  accordmg  to  the 
time  of  gathering  and  the  length  of  subsequent  exposure.  The 
U.  S.  Pharmacopoeiat  gives  the  following  directions :  "  These  tinc- 
tures, when  not  otherwise  directed,  are  to  be  prepared  by  the  fol- 
lowing formula :  Take  of  the  fresh  herb,  oruised  or  crushed, 
500  Gm. ;  alcohol,  1000  Cc. ;  macerate  the  herb  with  the  alcohol 
for  fourteen  days ;  then  express  the  liquid  and  filter."  Among  the 
tinctures  made  by  this  process  and  in  frequent  use  are  those  of 
Rhus  Toxicodendron,  Conium,  Digitalis,  Hyoscyamus,  Pulsatilla, 
Grelsemium,  Aconite,  Belladonna,  etc. 


•  "  Tinctures  from  Fluid  Extracts,"  J.  W.  England,  DruggUUf  Circular,  1893,  p.  245. 

fThe  French  Pbarmacopceia  directs  equal  parts  of  the  fresh  drug  and  alcohol  of  90  i,  and  to  mace- 
rate 10  days. 
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SUCCI— JUICES. 

These  are  a  class  of  preparations  official  in  the  British  Pharma- 
copoeia, made  by  bruising  and  expressing  fresh,  succulent  drugs. 
The  juice  is  then  mixed  with  a  definite  volume  of  alcohol  (1  vol. 
alcohol  to  3  vols,  juice),  the  mixture  set  aside  for  seven  days,  and 
filtered.  These  preparations  vary  in  strength  for  the  same  reasons 
which  were  just  given  under  Tinctures  of  Fresh  Herbs,  which 
latter  were  introduced  into  the  U.  S.  Pharmacopoeia  in  lieu  of  the 
"  Succi." 

The  British  Pharmacopoeia  recognizes  Succus  Belladonnae, 
Conii,  Hyoscyami,  Scoparii,and  Taraxaci. 


EXPLANATORY  (Tinctueks). 

There  are  71  tinctures  official  in  the  U.  S.  Pharmacopoeia. 

TiNCTURA  Ferri  Chloridi. — ^This  preparation  should  be  al- 
lowed to  stand  at  least  3  months  before  being  dispensed,  as  directed 
by  the  U.  S.  Pharmacopoeia.  By  this  time  it  will  have  developed 
an  agreeable  ethereal  odor  due  to  the  formation  of  a  small  amount 
of  ethyl  chloride  (CaHftCI).  Tincture  of  iron  is  incompatible  with 
alkalies,  alkaline  earths  or  carbonates  (production  of  Fe2(OH)6  or 
Fe203) ;  likewise  with  preparations  containing  tannic  acid  (inky 
mixtures);  also  with  mercurous  salts  (forming  mercuric  com- 
pounds) ;  with  mucilage  of  acacia  it  often  produces  a  jelly. 

Assay. — See  Liquor  Ferri  Chloridi. 

TiNCTURA  loDi. — Freshly  prepared  tincture  of  iodine  forms  a 
precipitate  upon  the  addition  of  water ;  after  long  standing,  how- 
ever, it  is  often  found  to  vield  a  clear  solution  with  water.  This 
is  due  to  the  formation  of  hydriodicacid  produced  by  the  reaction 
between  the  iodine  and  alcohol. 

The  British  Pharmacopoeia  adds  potassium  iodide  to  its  tinc- 
ture for  the  purpose  of  rendering  it  miscible  with  water.  This  is 
not  objectionable  when  it  is  intended  for  internal  use ;  but,  as  it 
is  exceedingly  rare  to  administer  iodine  in  this  form,  the  advan- 
tage of  the  addition  of  KI  is  scarcely  apparent. 

The  tincture  should  be  recently  prepared.  It  is  incompatible 
with  salts  of  the  metals  (forms  insoluble  metallic  iodides) ;  also 
alkalies,  alkaline  carbonates,  ammonium  chloride  (iodide  of  nitro- 
gen, explosive),  starch  (iodide  of  starch),  sodium  hyposulphite 
(decolorized),  and  most  alkaloids. 

The  so-called  Decolorized  Tincture  of  Iodine  is  made  by  digest- 
ing 10  parts  each  of  iodine,  sodium  hyposulphite  and  water,  until 
solution  is  effected,  then  adding  16  parts  of  spirit  of  ammonia, 
shaking,  adding  75  parts  of  alcohol,  and  filtering  after  three  days. 
The  title  of  the  preparation  is  very  misleading,  for  it  does  not 
contain  a  trace  of  free  iodine,  it  having  all  combined  with  the 
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alkalies,  forming  sodium  and  ammonium  iodide,  sodium  tetra- 
thionate,with  some  ethyl  iodide  (C2H5I)  and  triethylamine  hydrio- 
dide  (N(C2H5)3HI). 

Assay. — The  U.  S.  Pharmacopoeia  directs  that  6.3  Cc.  of  the 
tincture  be  added  to  a  solution  of  2  Gm.  of  potassium  iodide  in 
25  Cc.  of  water :  the  alkali  iodide  is  added  for  the  purpose  of  pre- 
venting the  precipitation  of  the  iodine  in  the  aqueous  liquid. 
Gelatinized  starch  is  then  added,  which  forms  a  blue  colored 
solution  with  the  free  iodide.  To  the  mixture  is  now  slowly 
added  decinormal  solution  of  sodium  hyposulphite,*  until  the 
blue  color  disappears.  One  molecule  of  iodine  (2  X  126.6  parts) 
unites  with  the  two  molecules  of  sodium  hyposulphite  (2  X  247.6 
parts)  to  form  the  soluble,  colorless,  sodium  iodide, thus: — 

2(NaAOs.5H,0)       +       21       =       2NaI       -f       Na^A       "f       10H,O 

Sodium  Hyposalphite.  Iodine.        Sodiam  lodldeL  Sodium  Water. 

2  X  247.6  2  X  126.6  TetrathioDBte. 

One  molecule  Hyposulphite,  247.6  p.  One  atom  Iodine,  126.6  p. 

24.76        Gm.  Hyposulphite  (1000  Cc.)  =  12.66  Gm.  Iodine. 

0.02476  "■  (I  Cc.)  =  0.01266     " 

35  Cc  Hypoealphite  =  35  X  0  01266  =  0.443  +  Gm.  Iodine. 

Since  6.3  Cc.  of  tincture  were  taken,  then  it  roust  contain  of 
iodine  [(0.443  -s-  6.3)  X  100]  =  7  Gm.  in  100  Cc. 

TiNCTURA  Opii. — The  directions  of  the  Pharmacopoeia  should 
be  strictly  adhered  to,  in  the  employment  of  a  powdered  opium, 
the  morphine  strength  of  which  has  been  previously  ascertained 
by  assay.  Crude  opium  (except  on  a  manufacturing  scale,  and 
with  rigid  assay  of  the  product)  should  never  be  used,  because, 
from  its  variable  percentage  of  moisture,  it  would  yield  a  prepara- 
tion of  a  very  unreliable  strength.  The  object  of  the  Pharmaco- 
poeia is  to  secure  uniformity  of  strength ;  any  deviation  from  this, 
in  so  important  a  preparation,  is  indeed  a  serious  matter. 

Assay, — The  present  official  method  of  assay,  for  this  tincture, 
is  very  simple,  and  no  ap)othecary  should  excuse  himself  for 
applying  it.     The  process  is  as  follows : — 

"  If  100  Cc.  of  Tincture  of  Opium  be  assayed  by  the  process  im- 
mediately following,  it  should  yield  from  1.3  to  1,5  Gm.  of  crys- 
tallized morphine. 

Assay  of  Tincture  of  Opium. 

TiuctnreofOpivim,  OTie  hundred  etUnceerUimetera, 100     Cc. 

Ammonia  WsLter,  three  and  five-tenth$  cubic  centimeters,  .   .   .      3.5  Cc. 

Alcohol, 

Ether, 

Water,  each,  a  sufficient  quantity. 

Evaporate  the  tincture  to  about  20  Cc,  add  about  40  Cc.  of 
water,  mix  thoroughly,  and  set  the  liquid  aside  for  an  hour,  oc- 
casionally stirring,  and  disintegrating  the  resinous  flakes  adhering 

*  See  Decinormal  Solution  of  Sodium  Hjrpoeulphite. 
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to  the  capsule.  Then  filter,  and  wash  the  filter  and  residue  with 
water,  until  all  soluble  matters  are  extracted,  collecting  the  wash- 
ings separately." 

The  tincture  should  be  slowly  evaporated  in  a  dish  or  beaker 
glass  of  about  150  Cc.  capacity,  on  a  water-bath,  and  not  boiled, 
A  higher  temperature  will  result  in  a  partial  destruction  of  the  mor- 
phine. Before  an  attempt  is  made  to  precipitate  the  morphine,  such 
impurities  as  resin  and  caoutchouc,  with  as  much  coloring  and 
extractive  matter  as  possible,  should  be  removed ;  otherwise  these 
would  be  carried  down  with  the  morphine  precipitate,  and  give 
false  results.  Hence  the  tincture  is  evaporated  to  a  small  bulk 
(20  Cc),  when  the  loss  of  alcohol  causes  the  partial  separation  of 
the  resin  and  caoutchouc.  This  is  made  more  complete  by  the 
addition  of  40  Cc.  of  cold  water,  in  which  these  are  comparatively 
insoluble.  After  standing  the  specified  time,  it  should  be  carefully 
filtered  through  a  smaU  (3  in.)  plain  filter,  the  guiding-rod  being 
used  to  direct  the  flow  of  fluid  without  loss.  The  residue  in  the 
capsule  or  beaker  is  rinsed  on  to  the  filter  and  the  washing  con- 
tinued until  the  filtrate  comes  through  devoid  of  all  traces  of 
bitter  taste ;  or  better,  until  a  few  drops  of  the  filtrate  collected 
on  a  watch-glass,  and  acidulated  with  a  drop  of  dilute  hydro- 
chloric acid,  ceases  to  give  a  precipitate  with  Mayer's  Reagent* ; 
or  with  LugoPs  Solution. 

"  Evaporate  in  a  tared  capsule,  first,  the  washings  to  a  small 
volume,  then  add  the  first  filtrate,  and  evaporate  the  whole  to  a 
weight  of  14  Gm.  Rotate  the  concentrated  solution  about  in  the 
capsule  until  the  rings  of  extract  are  redissolved,  pour  the  liquid 
into  a  tared  Erlenmeyer  flask,  having  a  capacity  of  about  100  Cc, 
and  rinse  the  capsule  with  a  few  drops  of  water  at  a  time,  until 
the  entire  solution  weighs  20  Gm.  Then  add  10  Gm.  (or  12.2  Cc) 
of  alcohol,  shake  well,  add  25  Cc.  of  ether,  and  shake  again.  Now 
add  the  ammonia  water  from  a  graduated  pipette  or  burette, 
stopper  the  flask  with  a  sound  cork,  shake  it  thoroughly  during 
ten  minutes,  and  then  set  it  aside,  in  a  moderately  cool  place,  for 
at  least  six  hours,  or  over  night." 

The  weaker  solution  is  first  evaporated  to  a  small  volume,  and 
the  first  filtrate,  which  contains  nearly  all  of  the  morphine,  is 
then  added.  In  this  way  the  injurious  effect  of  prolonged  heat 
is  avoided.  After  having  transferred  the  entire  solution  into  a 
tared  assay  flask,  by  washing  with  a  little  water  until  the  whole 
weighs  20  Gm.,  we  are  ready  for  the  precipitation  of  the  mor- 
phine. This  alkaloid  is  in  solution,  combined  chiefly  with 
meconic  acid,  and  inasmuch  as  morphine  is  practically  insoluble 
in  water  (1  in  4350),  it  may  be  readily  precipitated  from  its  solu- 
tion by  the  addition  of  an  alkali,  preferably  ammonia  (since 
soda  or  potassa  readily  dissolves  this  alkaloid).    The  ammonia 


•Prepared  by  dissolving  13.546  Gm.  of  mercuric  chloride  and  49.8  Gm.  of  potassium  iodide  in  suf- 
ficient distilled  water  to  make  1000  Cc 
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water  must  be  of  ten  per  cent,  strength,  and  not  more  than  3.5 
Cc.  should  be  added,  for  an  excess  of  this,  over  and  above  that 
necessary  to  combine  with  the  meconic  acid  present,  will  cause 
some  of  the  morphine  to  be  retained  in  solution.  Alcohol  and 
ether  are  added  before  the  ammonia  water;  the  volume  of  the 
former  is  not  sufficient  to  exert  any  solvent  effect  on  the  mor- 
phine, while  its  presence  serves  to  retain  the  coloring  matter  in 
solution,  preventing  its  being  carried  down  with  the  mor- 
phine. Tne  ether  serves  to  promote  the  rapid  and  thorough 
separation  of  the  morphine  as  well  as  to  take  up  coloring  matter 
and  narcotine. 

"  Remove  the  stopper  carefully,  and,  should  any  crystals  ad- 
here to  it,  brush  them  into  the  flask.  Place  in  a  small  funnel 
two  rapidly-acting  filters,  of  a  diameter  of  7  Cm.,  plainly 
folded,  one  within  the  other  (the  triple  fold  of  the  inner  filter 
being  laid  against  the  single  side  of  the  outer  filter),  wet  them 
well  with  ether,  and  decant  the  ethereal  solution  as  completely  as 
possible  upon  the  inner  filter.  Add  10  Cc.  of  ether  to  the  contents 
of  the  flask,  rotate  it,  and  again  decant  the  ethereal  layer  upon 
the  inner  filter.  Repeat  this  operation  with  another  portion  of 
10  Cc.  of  ether.  Then  pour  into  the  filter  the  liquid  in  the  flask, 
in  portions,  in  such  a  way  as  to  transfer  the  greater  portion  of  the 
crystals  to  the  filter,  and,  when  this  has  passed  through,  transfer 
the  remaining  crystals  to  the  filter  by  washing  the  flask  with 
several  portions  of  water,  using  not  more  than  about  10  Cc.  in  all. 
Allow  tne  double  filter  to  drain,  then  apply  water  to  the  crystals, 
drop  by  drop,  until  thej'^  are  practically  free  from  mother- water, 
and  afterwards  wash  them,  drop  by  drop,  from  a  pipette,  with 
alcohol  previously  saturated  with  powdered  morphine.  When 
this  has  passed  through,  displace  the  remaining  alcohol  by  ether, 
using  about  10  Cc,  or  more  if  necessary.  Allow  the  filter  to  dry 
in  a  moderately  warm  place,  at  a  temperature  not  exceeding  60° 
C.  (140°  F.)  until  its  weight  remains  constant,  then  carefully 
transfer  the  crystals  to  a  tared  watch-glass  and  weigh  them. 

"The  weight  found  represents  the  amount  of  crystallized  mor- 
phine obtained  from  100  Cc.  of  the  Tincture." 

The  filter  is  first  wetted  with  ether,  otherwise,  should  some  of 
the  aqueous  filtrate  be  poured,  through  carelessness,  on  the  filter, 
this  would  prevent  the  ether  from  filtering  through.  After  the 
ether  washings  have  all  been  decanted  upon  the  filter,  the  latter 
is  allowed  to  stand  a  few  minutes  until  the  ether  has  evaporated, 
then  the  aqueous  fluid  containing  the  crystals  of  morphine  in 
suspension  is  poured,  in  portions,  upon  the  filter.  Crystals 
always  remain  adhering  to  the  sides  of  the  flask.  These  can  be 
easily  removed  by  rinsing  out  first  with  a  portion  of  the  filtrate,  or, 
if  necessary,  they  may  be  detached  by  means  of  a  rubber-tipped 
glass-rod.  The  flask  is  now  rinsed  out  with  10  Cc.  of  water,  used 
in  portions.  The  U.  S.  P.  directs,  that,  as  soon  as  the  filter  has 
drained,  water  should  be  dropped  (not  poured)  over  the  crystals 
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until  they  are  free  from  mother  liquor;  for  this  purpose  not  more 
than  about  8  to  10  Cc.  of  water  should  be  used.*  If  the  crystals 
are  of  a  light  gray  or  buff  color,  they  will  be  sufficiently  pure, 
but  should  thev  be  of  a  brown,  or  very  dark  gray  color,  then  they 
should  be  further  washed  with  alcohol  saturated  with  morphine, 
followed  with  ether  as  directed.  It  is  important  that  the  ether 
follow  the  morphinated  alcohol  as  soon  as  the  latter  has  dis- 
appeared from  the  surface  of  the  precipitate  on  the  iSlter ;  other- 
wise, the  morphine  introduced  by  the  morphinated  alcohol  might 
remain  in  the  precipitate,  upon  evaporation  of  the  alcohol,  and 
the  ether  would  not  be  able  to  displace  it.  The  drying  is  done  at 
a  moderate  heat,  since  it  is  only  necessary  to  remove  the  ether, 
when  crystallized  morphine  will  remain  blehind. 

Tincture  of  Opium  is  incompatible  with  solutions  containing 
free  ammonia  (aromatic  spirit  of  ammonia),  solutions  containing 
tannic  acid,  and  other  substances  affecting  alkaloids. 

One  grain  of  powdered  opium  is  represented,  in  U.  S.  measures, 
by  10.5  minims  (U.  S.),  14  minims  (B.  P.)  11.3  minims  (Ph.  Ger.), 
and  9  minims  (Fr.  Ph.)  of  the  tincture. 

The  powdered  or  dry  opium  employed  by  these  several  Phar- 
macopoaias  should  contain  of  morphine,  13  to  15  per  cent,  of  crys- 
tallized (U.  S.),  about  10  per  cent,  of  anhydrous  (B.  P.),  at  least  10 
to  12  per  cent,  of  anhydrous  (Fr.  Ph.),  and  10  per  cent,  of  anhy- 
drous (Ph.  Ger.). 

One  hundred  parts  of  crystallized  morphine  correspond  to 
94.06  parts  of  anhydrous ;  and  100  parts  of  anhydrous  correspond 
to  106.31  parts  of  crystallized  morphine. 

*  Water  saturated  with  morphine  (morphinated  water)  ma7  be  employed  in  larger  quantitieB,  as  it 
does  not  exert  any  solvent  action  on  the  morphine. 
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EXTRACTA  FLUIDA— (/^Zmi^  Extracts), 

Fluid  Extracts  are  concentrated  fluid  preparations  of  nearly 
uniform  strength,  representing  the  activity  of  the  drug,  volame 
for  weight.  When  properly  prepared  they  afford  a  permanent, 
active,  concentrated  liquid,  representing  the  drug  in  definite  pro- 
portions. 

As  required  by  the  U.  S.  Pharmacopoeia,  1  cubic  centimeter  of 
the  preparation  represents  the  medicinal  activity  of  1  gramme 
of  the  drug.  Previous  to  1880,  the  strength  was  represented  by 
1  troy-ounce  of  the  drug  to  1  fluidounce  of  the  fluid  extract.  On 
comparison  it  will  be  seen  that  our  present  fluid  extracts  are 
about  5  per  cent,  weaker  than  those  of  the  Pharmacopoeia  of 
1870,  thus  :— 

100  troy  oances  of  drag  (3110.4  Gm.)  yield  100  flmdounces  (2956.4  Cc.)  of  flaid 

extract— U.  8.  P.,  1870. 
100  grammes  of  drag  yield  100  Cc.  of  flaid  extract.— U.  S.  P.,  1880  and  1890. 

It  will  be  seen  that  according  to  the  U.  S.  Pharmacopoeia  of  1870, 
3110.4  Gm.  (100  troy  ounces)  of  drug  yielded  2956.4  Cc.  (100 
fluidounces)  of  fluid  extract,  instead  of  3110.4  Cc,  as  the  present 
Pharmacopoeia  requires;  hence  there  is  a  difference  of  154  Cc. 
in  the  proportion  of  volume  to  drug,  which  render  our  present 
fluid  extracts  about  5  per  cent,  weaker  as  compared  with  those 
based  on  troy  weight  and  fluidounces,  and  which  is  certainly  a 
point  in  their  favor. 

The  British  Pharmacopoeia  directs  that  its  liquid  extracts  (with 
the  exception  of  those  of  cinchona,  glycyrrhiza,  opium  arid 
pareira),  be  made  of  the  strength  of  1  avoirdupois  ounce  to  1 
fluidounce  imperial.  They  are  practically  identical  with  our 
own. 

The  German  Pharmacopoeia  has  introduced  four  fluid  extracts, 
the  method  of  preparation  and  strength  of  which  is  the  same  as 
those  directed  by  the  U.  S.  Pharmacopoeia. 

The  U.  S.  Pharmacopoeia  directs  that  all  fluid  extracts  be  pre- 
pared by  the  process  of  percolation,  with  authority  to  employ  the 
method  of  repercolation,  if  this  be  found  desirable. 

Menstruum. — The  U.  S.  Pharmacopoeia  directs  the  employ- 
ment of  certain  menstrua,  which  are  selected  with  the  view  of 
extracting  all  the  activity  of  the  drug,  and  at  the  same  time  of 
affording  a  stable  preparation.  The  different  menstrua  employed 
consist  of  alcohol,  various  mixtures  of  alcohol  and  water,  and 
either  of  these  in  conjunction  with  glycerin.  In  two  instances 
(triticum  and  castanea)  boiling  water  is  employed  to  exhaust  the 
drug,  with  subsequent  addition  of  alcohol,  or  alcohol  and  glycerin, 
to  insure  the  stability  of  the  preparation. 

Acetic  acid  of  a  strength  varying  from  about  60  per  cent,  to 
20  per  cent,  or  less,  has  been  used  by  Dr.  Squibb  as  a  menstruum 
for  drugs  containing  ethereal  oils,  aromatic  resins,  alkaloids,  etc. 
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It  is  claimed  to  yield  a  very  eflTective  and  palatable  preparation ;  in 
experiments  with  nux  vomica  and  belladonna  this  menstruum 
has  proven  its  superiority  to  alcohol. 

Fluid  Extracts  are  prepared  by  "  simple  "  or  "  fractional  perco- 
lation." By  "  simple  percolation  we  understand  that  the  entire 
drug  is  percolated  at  one  operation ;  under  this  head  we  have  the 
official  process,  that  of  vacuum  percolation^  and  percolation  combined 
with  maceration  and  pressure.  In  "fractional  percolation"  the 
drug  is  divided  into  two  or  more  portions,  the  reserved  (first) 
percolate  from  each  portion  is  set  aside,  while  the  subsequent 
(weaker)  percolates  are  employed  for  macerating  and  percolating 
each  subsequent  portion.  This  process  is  known  as  that  of 
repercolation. 

PERCOLATION  {U.  S,  Pharmaatpceui  Proem). 

The  U.  S.  Pharmacopoeia  of  1890  directs  that  all  fluid  extracts  be 
prepared  by  the  process  of  percolation.  1000  Gm.  of  the  drug  of 
the  proper  degree  of  fineness  are  moistened,  packed,  macerated 
and  percolated  (see  Percolation,  page  191),  until  exhausted.  From 
700  to  900  Cc.  of  the  first  portion  of  the  percolate  are  pre- 
served, and  the  weaker  portion  is  evaporated  at  a  low  tempera- 
ture (50°  C),  to  the  consistence  of  a  soft  extract,  which  is  then 
dissolved  in  the  reserved  portion,  to  which  enough  menstruum  is 
finally  added  to  make  the  finished  preparation  measure  1000  Cc. 
The  objections  to  the  U.  S.  Pharmacopceial  process  of  1870  were 
that  the  weak  percolate,  when  evaporated  to  an  ascertained  volume, 
sustained  a  loss  of  most  or  all  of  its  alcohol,  leaving  a  more  or  less 
aqueous  residue,  which,  when  added  to  the  strongly  alcoholic 
reserved  portion,  caused  a  precipitation  of  more  or  less  resinous 
or  other  active  matter.  The  operator  should  be  careful  not  to 
employ  too  high  a  degree  of  temperature  in  evaporating  the  weak 

})ercolates,  otherwise  injury  or  destruction  of  organic  principles  is 
iable  to  occur.  The  official  process  is  often  objected  to,  because 
of  the  employment  of  heat  in  part  of  the  operation  ;  however  it 
must  be  remembered  that  from  75  to  90  per  cent,  of  the  activity 
of  the  drug  is  represented  by  the  reserved  portion,  and  that  but 
a  very  small  percentage  is  subjected  to  the  action  of  heat,  as  a  rule, 
which,  if  properly  regulated,  will  not  materially  injure  the  prep- 
aration (exceptions  are  Allium,  Prunus  Virginiana,  etc.). 

Repercolation  ("  fractional "  *  percolation),  as  described  by  Dr. 
Squibb,  its  originator  (1866),  "  consists  in  the  successive  applica- 
tion of  the  same  percolating  menstruum  to  fresh  portions  of  the 
substance  to  be  percolatea."  Its  object  is  the  preparation  of  a 
fluid  extract  without  the  use  of  heat.  The  operation  may  be 
briefly  described  thus:  32  parts  of  the  drug  in  powder  are  divid- 
ed into  four  equal  portions  of  eight  parts  each,  one  of  which  is 

•See  Prof.  Diehl's paper,  •'  Proceed.  Am.  Phar.  Assoc./'  1878,  p.  681. 
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moistened,  packed,  macerated,  then  percolated  until  exhausted, 
this  weaker  percolate  being  received  in  several  distinct  portions. 
The  first  six  parts  of  the  percolate  are  reserved,  and  the  remaining 
portions  are  used  successively  for  moistening  and  percolating  the 
second  eight  parts  of  the  powder.  Of  the  second  percolate  8  parts 
are  reserved,  and  the  weaker  percolate  which  is  again  received  in 
several  portions,  used  for  the  following  third  portion,  as  directed 
above. 

The  third  and  fourth  fractions  of  8  parts  each  are  then  treated 
in  the  same  manner,  8  parts  of  percolate  being  reserved  from  each 
fraction.  Finally,  the  four  reserved  portions  of  6  +  8  +  8  +  8 
fluidounces  are  mixed  to  obtain  30  parts  of  fluid  extract.*  The 
weak  percolate  remaining  over  from  the  last  portion  of  the  drug 
is  set  aside  for  a  subsequent  operation  on  a  fresh  lot  of  the  same 
drug.    The  National  Formulary  gives  the  following  directions: — 

Fractional  Percolation. — Take  of  the  drug,  in  powder  of 
the  prescribed  fineness,  sixteen  (16)  troy  ounces^  and  divide  this 
into  three  portions,  of  dghi  (8),  five  (5)  and  three  (3)  troy  ounces, 
respectively. 

Moisten  the  first  portion  (8  troy  ounces)  with  the  menstruum 
and  percolate  in  the  usual  manner.  Set  aside  the  first  three  (3) 
fluidounces  of  the  percolate,  and  continue  until  tiventy-four  (24) 
fluidounces  more  of  percolate  have  passed,  which  should  be  re- 
ceived in  several  portions,  so  that  the  more  concentrated  will  be 
separate  from  the  last,  weak  percolate. 

Then  moisten  the  second  portion  of  the  drug  (5  troy  ounces) 
with  the  most  concentrated  of  the  percolates  received  during  the 


*  A«  a  Dractical  example  of  this  operation  a  typical  description  of  the  preparation  of  a  fluid  extract, 
as  given  oy  Dr.  Squibb,  is  cited  : — 

EXTRACTUM  CINCHONiE  YUSIDVIA— {Fluid  Extract  qf  Cinehona). 

9;    Yellow  Cinchona,  in  powder  No.  50, 32  parts. 

stronger  Alcohol,  8.  g.  0.819,  2  parts, )    For  sufficient 

Glycerin,  s,  g.  1.250, 1  part, >    quantity  of 

Water,2  parts, )     menstruum. 

Weigh  the  stronger  alcohol,  glycerin,  and  wat«r  in  sncceraion,  in  any  convenient  quantity  at  a  time, 
into  a  tared  bottle,  and  mix  them  thoroughly  for  a  menstruum. 

Moisten  8  parts  of  the  cinchona  with  8  parts  of  the  menstraum.  by  thoroughly  mixing  them,  and 
allow  the  mixture  to  stand  8  hours  in  a  closely  covered  veeael.  Then  pass  the  moist  powder  through 
a  No.  8  sieve,  and  pack  it  firmly  in  a  percolator.  Pour  menstruum  on  top  until  the  mass  is  filled  with 
liquid  and  a  stratum  remains  on  top  unabsorbed ;  cover  the  percolator  closely  and  macerate  for  48 
hours.  Then  arrange  the  percolator  for  an  automatic  supply  or  menstruum,  and  start  the  percolation 
at  such  a  rate  as  to  give  1  part  of  percolate  in  about  4  hours.  Reserve  the  first  6  parts  of  percolate 
and  continue  the  percolation  until  the  cinchona  is  exhausted,  separating  the  percolate  received  after 
the  reserved  portion  into  fractions  of  about  8  parts  each. 

Moisten  a  second  portion  of  8  parts  of  the  cinchona  with  8  parts  of  the  weak  percolate— the  portion 
that  was  obtained  next  after  the  reserved  percolate— and  allow  the  moist  powder  to  stand  for  8  hours 
in  a  vessel  cloeelv  covered.  Then  pack  it  moderately  in  a  percolator,  and  supply  the  percolator  auto- 
matically with  the  remaining  fractions  of  the  weak  percolate  in  the  order  in  which  they  were 
received,  and  finally,  with  fresn  menstruum  until  the  cinchona  is  exhausted.  Percolate  in  the  same 
manner  and  at  the  same  rate  as  with  the  first  nortion  of  cinchona,  and  reserving  8  parta  of  the  first 
percolate,  separate  the  weaker  percolate  into  fractions  of  about  8  parts  each. 

Percolate  the  third  and  fourth  portions  of  8  parts  each  of  the  cinchona  in  the  same  way  as  the 
second  portion. 

Finally  mix  the  four  reserved  percolates  together  to  make  30  parts  of  finished  fluid  extract;  and 
having  corked,  labeled,  and  numbered  the  bottles  containing  tne  fractions  of  weak  percolate,  set 
them  awav  until  the  process  for  cinchona  is  to  be  resumed. 

When  this  fluid  extract  is  to  be  again  made,  repeat  the  process  as  with  the  second  portion,  and 
reserve  8  parts  of  the  first  percolate  as  finished  fluid  extract  from  each  8  parts  of  cinchona  from  that 
time  forward  so  long  as  the  fractions  of  weak  percolate  are  carried  forward  with  which  to  commence 
each  operation. 

Upon  this  small  scale  the  percolate  from  the  first  portion  should  weigh  from  3  to  4  times  the  weight 
of  toe  powder ;  and  for  the  repercolations  from  6  to  7  times  the  weight  of  the  powder. 
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preceding  operation  after  the  first  3  fluidounces  had  passed,  and 
percolate  again  in  the  usual  manner,  using  the  several  reserved 
percolates,  successively,  as  menstrua.  Set  aside  the  first  jive  (5) 
fluidouiices,  and  continue  the  percolation  until  ten  (10)  fluidowices 
more  have  passed,  which  should  also  be  received  in  several  portions. 

Finally  moisten  the  third  portion  of  the  drug  (3  troy  ounces)  with 
the  most  concentrated  of  the  last  reserved  percolates,  and  procee<l 
as  directed  for  the  second  portion.  Collect  the  first  eigfU  (8)  fluid- 
ounces  separately,  and  mix  them  with  the  two  portions  previously 
set  aside  so  as  to  make  sixteen  (IQ)  fluidounces  of  Fluid  Extract. 

This  process  is  adapted  for  the  preparation  of  solid  as  well  as 
fluid  extracts,  but  not  for  other  pharmaceutical  preparations  made 
by  percolation. 

This  process  yields  a  perfect  fluid  extract  without  the  use  of 
heat,  thereby  adapting  it  to  the  most  sensitive  drug.  It  recom- 
mends itself  to  tne  apothecary,  in  that  it  avoids  the  loss  and 
expense  caused  by  suosequent  concentration ;  it  nearly  always 
insures  a  perfect  preparation,  because,  though  it  be  indifferently 
applied,  the  inaccuracies  of  one  operation  are  likely  to  be  made 
up  and  compensated  in  others,  so  that,  when  the  results  of  the 
different  percolations  are  mixed  together,  the  general  result  will 
be  practically  uniform. 

The  only  disadvantage  the  process  offers,  is  that  it  necessitates 
the  keeping  of  a  series  of  weak  percolates  which  must  be  stored 
away,  to  be  used  for  the  same  drug  in  a  subsequent  operation. 


PERCOLATION  AND  MACERATION  WITH  EXPRESSION. 

These  methods  are  employed  principally  by  manufacturers  on 
the  large  scale.  The  first  method  consists  of  a  combination  of 
percolation  with  expression.  One  hundred  parts  of  the  drug  are 
moistened,  packed,  and  allowed  to  macerate  several  days  in  a 
percolator;  percolation  is  then  commenced  and  continued,  until 
120  parts  of  menstruum  have  been  added,  then  w^hen  the  perco- 
lation ceases,  the  upper  stratum,  constituting  about  one-fifth  of 
the  drug,  is  removed  and  subjected  to  powerful  pressure;  the 
fluid  obtained  is  poured  over  the  balance  of  the  moist  drug  in 
the  percolator,  and  when  this  again  ceases  to  percolate,  a  second 
like  portion  is  removed  and  treated  as  before;  this  procedure  is 
continued  until  the  entire  amount  of  drug  has  been  expressed. 
The  reserved  percolates  are  mixed  with  the  fluid  obtained  from 
the  last  expression,  making  a  total  of  95  parts  of  fluid  extract. 

The  second  method  is  simply  that  of  maceration  and  expression, 
in  which  the  drug  is  allowed  to  macerate  from  10  to  12  days 
with  about  its  own  weight  of  menstruum.  The  maceration  is 
conducted  in  a  tight  cylindrical  copper  vessel,  which  is  inverted 
at  intervals  to  facilitate  the  action  of  the  solvent.  At  the  end  of 
the  specified  time,  the  drug  is  removed  and  subjected  to  powerful 
pressure;   the  marc  is  returned  to  the  macerator  and  sufficient 
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menstruum  is  added  to  make  up  the  desired  yield.    The  products 
of  the  two  expressions,  when  mixed,  constitute  the  fluid  extract. 

Maceration  and  Percolation  in  Vacuo. — As  already  ex- 
plained (page  206),  the  principle  underlying  this  process  is  this : 
that,  by  exhausting  the  air  from  the  drug,  the  menstruum  is 
rapidly  brought  into  intimate  contact  with  the  cells  of  the  drug, 
whereby  the  maceration  and  exhaustion  is  expedited.  This  form 
of  apparatus  has  been  adopted  by  some  of  our  manufacturers  for 
the  preparation  of  Fluid  Extracts.  The  advantages  claimed  are 
that  it  can  be  very  economically  operated,  requiring  only  16  fluid- 
ounces  of  menstruum  for  the  exhaustion  of  each  pound  of  drug, 
besides  avoiding  much  loss  of  alcohol;  and  also  economizing  time. 

No  class  of  pharmaceutical  preparations  has  met  with  so  much 
favor  as  the  fluid  extracts.  They  certainly  deserve  their  popu- 
larity, for  (if  properly  prepared)  they  fiilly  represent  all  of  the 
active  properties  of  the  respective  drugs,  in  a  compact  form. 
Aside  from  this,  they  present  another  advantage  over  the  tinc- 
tures, namely,  this,  that  owing  to  their  concentrated  form,  they 
contain  a  proportionally  much  smaller  amount  of  alcohol,  the 
presence  of  which  is  a  serious  objection  in  such  preparations  as 
tincture  of  conium  or  of  digitalis,  for  the  medicinal  action  of 
these  drugs  is  considerably  counteracted  by  the  antidotal  effects 
of  the  excess  of  the  alcohol  present. 

Preservation. — Fluid  Extracts  should  be  kept  from  the  direct 
rays  of  the  sunlight,  and  in  a  room  where  there  is  but  little  varia- 
tion of  temperature.  These  precautions  should  be  observed  so  as 
to  avoid  changes  that  may  arise  from  possible  precipitation^ 
which,  however,  cannot  be  altogether  avoided. 

The  various  causes  w^hich  give  rise  to  precipitates  in  fluid 
extracts  are,  according  to  the  researches  of  Lloyd  :* — 

1st.  Ozidixtion. — Many  vegetable  principles  are  prone  to  unite 
with  oxygen,  forming  thereby  new  and  insoluble  compounds, 
which,  on  being  precipitated,  carry  more  or  less  of  the  active 
constituents  with  tnem. 

Again,  an  interaction  between  the  plant  principles  may  take 
place,  either  gradually  or  suddenly,  with  the  formation  of  new  or 
insoluble  bodies. 

Fluid  extracts  of  astringent  drugs,  such  as  geranium,  stillingia, 
cinchona,  etc.,  which  contain  large  amounts  of  tannates,  especially 
drugs  containing  red  tannates,  form,  in  time,  precipitates  which 
are  insoluble  in  all  menstrua. 

2d.  Change  of  Solvent  Power  by  Evaporation, — Medicinal  sub- 
stances are  very  frequently  deposited  through  a  loss  of  the  solvent 
power  of  the  menstruum,  in  consequence  of  the  evaporation  of 
alcohol  during  percolation,  or  particularly  so  upon  mixing  the 
reserved  alcoholic  with  the  evaporated  aqueous  percolate. 

•  "  Precipitates  ia  Fluid  ExtncU/'  Proceed.  Am.  Phar.  Assoc..  1882,  p.  509;  1883,  p.  3S6;  1884,  p. 
410;  1885,  p.  411. 

16 
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3d.  Change  of  Temperature, — Through  a  lowering  of  the  tern- 

Eerature,  precipitation  results  from  the  inability  of  the  liquid  to 
old  in  solution  matter  which  w^as  perfectly  soluble  in  it  at  a 
higher  temperature.  For  this  reason  many  manufacturers  prefer 
to  prepare  their  fluid  extracts  during  the  winter. 

"The  fact  that  the  drugs  employed  are  merely  air-dry  and 
contain  varying  amounts  of  moisture,  gives  rise  to  the  most 
important  cause  of  precipitation,  namely  the  change  of  the 
alcoholic  strength  of  the  menstruum.  Some  plant  powders  are 
very  hygroscopic  and  absorb  from  5  to  15  pounds  of  water  per 
100,  absorbing  moisture  even  in  the  driest  weather.  Hence  when 
such  drugs  are  percolated  the  first  part  of  the  percolate  contains 
the  water,  which  is  thereby  converted  into  a  dilute  alcohol,  and 
hence  differs  from  later  percolates  in  alcoholic  strength." 

This  is  illustrated  by  Lloyd  in  Fluid  Extract  of  Cannabis, 
which,  upon  percolation  with  alcohol,  yields  a  first  percolate  of 
reddish-brown  color,  while  the  later  ones  are  of  deep  green  color. 
^*The  first  portions  of  such  percolates  contain  gum,  extract- 
ives, and  bodies  which  are  more  soluble  in  water  than  alcohol, 
while  the  last  portions  contain  the  resins,  oils,  and  such  bodies 
which  are  more  soluble  in  an  alcoholic  menstruum ;  hence,  when 
the  several  percolates  are  mixed,  a  gradual  separation  of  the 
several  dissolved  matters  takes  place." 

Still  another  cause  is  given  by  Lloyd,  as  follows: 

"The  solvent  power  of  the  menstruum  varies  at  different 
stages  of  the  operation  of  percolation,  aside  from  that  due  to  the 
presence  of  more  or  less  water.  .  .  .  Plants  contain  more  or  less  of 
gums,  gummy  extractives,  fixed  and  volatile  oils,  resins,  oleo- 
resins,  resinoias,  glucosides,  tannates,  glucose,  sugar,  chlorophyll, 
alkaloids,  inorganic  salts,,  etc.  As  the  menstruum  enters  the 
powder  it  extracts  the  matter  soluble  in  that  fluid,  and  this  at 
once  forms  a  new  menstruumy  which  has  power  to  dissolve  sub- 
stances which  are  only  partly  soluble  or  insoluble  in  the  original 
menstruum.  Thus,  during  percolation,  a  constantly  changing 
menstruum  is  passing  through  the  powder,  although  the  original 
menstruum  be  the  same.  The  percolate  is  accordingly  variable 
in  composition  and  solvent  powers ;  it  may  be  considered  as  a 
collection  of  percolates  and  menstrua  of  different  solvent  power 
and  varying  composition,  and  hence  one  fraction  of  it  may  react 
with  another,  giving  rise  to  precipitation." 

The  quality,  that  is,  strength  of  a  fluid  extract  or  of  any  liquid 
pharmaceutical  preparation  should  never  be  judged  by  its  color. 
The  amount  of  solid  residue  left  upon  evaporation,  or  the  specific 
gravity,  gives  also  no  reliable  criterion  ;  the  only  sure  method  of 
ascertaining  the  medicinal  value  of  such  a  preparation  is  to  test 
its  activity  physiologically,  or  where  it  is  possible,  to  make  an 
assay  of  its  active  constituents. 


CHAPTER    XXIX. 

SYRUPI— ( Syrups— Sirops-Sirupi ). 

Syrups  are  dense  saccharine  solutions,  generally  medicated  or 
flavored. 

A  dense  solution  of  sugar  in  water  is  called  simple  syrup. 

When  this  is  impregnated  with  one  or  more  medicinal  sub- 
stances, it  is  called  a  medicated  syi^p. 

Simple  syrup  is  employed  as  a  vehicle  for  the  administration 
of  medicinal  substances.  In  order  to  render  it  more  pleasant 
and  better  able  to  disguise  the  taste,  syrup  flavored  with  aro- 
matic substances  is  also  employed. 

The  presence  of  sugar  exerts  a  strong  preservative  influence 
upon  aqueous  extracts  of  plants,  which,  without  this,  would 
ferment  quickly.  The  preservative  action  of  concentrated  solu- 
tions of  sugar  is  such,  that  they  do  not  afford  nourishment  for 
micro-organisms,  since  the  sugar  withdraws  water  from  these, 
which  is  essential  to  their  cell-growth.  For  this  reason,  the 
amount  of  sugar  in  the  syrup  must  be  adjusted  with  a  view  to 
its  preservation.  Should  the  syrup  be  too  concentrated,  upon 
standing,  a  portion  of  the  sugar  is  liable  to  crystallize  out,  caus- 
ing thereby  a  diminution  in  saccharine  strength,  giving  rise  to 
the  same  difliculty  of  fermentation  that  would  take  place  were 
the  syrup  made  too  weak.  For  the  preparation  of  simple  syrup, 
the  U.  S.  Pharmacopoeia  employs  aoout  18.6  parts  sugar  to  10 
parts  of  water,*  the  British  Pharmacopoeia  20  parts  to  10,  the 
German  Pharmacopoeia  15  parts  to  10,  the  French  Pharmacopoeia 
18  parts  to  lO.f  If  tlie  solution  contains  alcohol  or  much 
extractive,  then  a  correspondingly  smaller  amount  of  sugar  must 
be  taken.  Only  the  best  refined  white  sugar  should  be  employed, 
and  this  should  conform  to  the  U.  S.  Pharmacopoeia  requirements 
of  purity4 

Preparation. — The  method  of  preparation  depends  largely 
upon  the  nature  of  the  substances  employed. 


*  Bulk  of  syrup 

,  resulting 

from  the  solution  of 

sugar 

in  water : 
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.  ozs. 
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32 
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1.298 

32 

16 
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28 

14 
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1.317 

28 

16 

34>^ 

1.311 

24 

16 

82 

1.290 

20 

16 

29 

1.264 

16 

16 

26  J4 

1.231 

t  I>ifference&  of  climate  partly  warrant  this  difference  of  concentration. 

X  The  so-called  rock-candy  syrup  should  not  l»e  employed  in  preparing  the  official  syrups. 
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1st.  The  sugar  is  dissolved  in  the  medicated  liquid  by  a 
moderate  degree  of  heat  (for  instance,  a  water-bath). 

2d.  The  sugar  is  dissolved  in  the  fluid  by  a  moderate  degree  of 
heat,  and  the  solution  then  raised  to  the  boiling  point. 

3d.  The  sugar  is  dissolved  by  agitation  or  by  percolation  with 
the  t3old,  medicated  solution. 

4th.  Tlie  sugar  is  added  in  the  form  of  ready-prepared  syrup 
to  the  concentrated  medicated  liquid. 

The  hot  process  (1st  and  2d)  is  employed  in  preparing  syrups 
from  such  solutions  of  drugs  as  are  not  injured  by  heat.  The 
first  method  is  adapted  for  preparing  such  syrups  as  those  of 
orange  or  lemon,  as  the  degree  of  heat  is  not  sufficient  to  cause 
any  injury  to  the  preparation.  The  main  objection  to  this  process, 
however,  is  that  it  does  not  yield  as  clear  and  bright  a  syrup  as 
process  No.  2.  In  the  preparation  of  syrups  from  drugs  wnich 
are  not  injured  by  heat,  the  second  process  is  preferable.  In  this 
the  syrup  is  raised  to  the  boiling  point,  whereby  albuminous 
matters  are  coagulated,  which  are  afterwards  removed  by  strain- 
ing. Syrups  which  require  concentration  should  be  boiled 
briskly,  until  they  have  become  sufficiently  dense ;  this  may  be 
ascertained  by  dipping  a  rod  or  spatula  into  the  liquid,  and 
noting  the  viscosity  on  cooling.  The  syrup,  on  cooling,  should 
not  form  a  pellicle  or  crust  upon  the  surface,  which  would  show 
that  it  has  been  concentrated  too  far.  The  object  of  rapid  con- 
centration is  to  avoid  the  browning  of  the  syrup,  which  is  caused 
by  the  prolonged  application  of  heat.  Saccharometers  are  often 
employed  for  this  purpose;  these  enable  the  operator  to  control 
the  concentration  to  a  close  degree  of  accuracy. 

The  cold  process  is  best  adapted  for  the  preparation  of  such 
syrups  as  those  of  garlic,  almond,  orange  flowers,  etc.,  as  these 
depend  on  the  presence  of  sensitive  volatile  principles  for  their 
activity.  The  sugar  is  dissolved  either  by  simple  agitation  or  by 
percolation  as  directed  in  the  U.  S.  Pharmacopoeia.  Syrups  pre- 
pared according  to  this  method  from  aqueous  extracts  of  drugs,  are 
very  liable  to  ferment,  owing  to  the  presence  of  albuminous  and 
certain  extractive  matters.  These  can  be  removed  only  by  boiling, 
which  causes  their  coagulation  and  precipitation.  With  this  end 
in  view,  the  Pharmacopoeia  employs  an  alcoholic  menstruum  to 
exhaust  the  drug,  thus  avoiding  the  extraction  of  inert  matter, 
while  the  active  principles  are  retained  in  solution.  In  the 
concentration  of  these  alcoholic  solutions,  care  should  be  taken 
that  the  evaporation  be  carried  on  at  as  low  a  temperature 
as  possible. 

The  method  of  preparing  syrups  by  the  addition  of  fluid  ex- 
tracts to  simple  syrup,  is  not  under  all  circumstances  advisable. 
Syrups  made  in  this  way  usually  deposit  a  sediment  in  time. 
The  presence  of  a  small  amount  of  alcohol  thus  added  is  liable 
to  bring  about  acetic  fermentation  of  the  syrup. 
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Clarification. — Before  the  sugar  is  added,  the  medicated  fluid 
should  be  perfectly  clear  and  transparent.  Many  syrups  after 
being  prepared  contain  particles  of  finely  divided  matter  in 
suspension,  which  interfere  with  their  transparency,  hence  it  is 
necessary  that  they  be  clarified.  This  may  oe  accomplished  by 
adding  paper  pulp  (prepared  from  white  filter  paper)  to  the  syrup, 
and  agitating,  or  better,  by  adding  it  and  heating  it  with  the  svrup 
during  theprocess  of  solution,  then  filtering  through  paper  of  loose 
texture.  The  white  of  eggs  (albumen)  is  also  employed  for  this 
purpose ;  it  should  be  beaten  with  a  little  water  to  form  a  froth, 
then  mixed  with  the  syrup,  and  the  mixture  boiled  for  a  short 
time.  The  albumen  coagulates,  forming  a  scum  which  rises  to 
the  surface,  which  must  be  removed  by  skimming.  The  syrup  is 
then  filtered  through  paper  or  flannel. 

Preservation. — ^The  fermentation  (souring)  of  syrups  is  brought 
about  by  a  variety  of  causes.  One  cause  is  the  pouring  of  a  syrup 
into  an  unclean  or  carelessly  rinsed  bottle.  The  presence  of  but 
a  very  small  amount  of  old,  partly  soured  syrup,  or  rinse-water, 
is  sufficient  to  ruin  the  most  carefully  made  preparation  in  a 
very  short  time.  Syrups  which  contain  too  little  sugar  are  very 
prone  to  ferment, 'since,  according  to  reasons  already  given,  weak 
saccharine  liquids  afford  excellent  media  for  the  growth  of  various 
microscopic  organisms.  Those  syrups  which  contain  too  much 
sugar,  deposit  a  portion  of  it  on  the  sides  and  bottom  of  the 
vessel  on  standing;  this  causes  a  diminution  in  saccharine 
strength  and  liability  to  the  same  difficulty  as  above. 

Prolonged  boiling  of  syrups,  particularly  when  they  contain 
acids,  causes  a  partial  inversion  of  the  cane  sugar  into  invert,  or 
grape  sugar.  This  latter  is  deposited  in  the  bottle  as  a  white, 
granular  mass,  thereby  weakening  the  syrup,  which  rapidly  fer- 
ments, owing  to  the  favoring  influence  of  the  grape  sugar  present. 

Again,  pouring  hot  syrups  into  bottles  and  not  entirely  filling 
them,  favors  fermentation,  since  the  ascending  aqueous  vapors 
condense  above  and  flow  back  to  the  surface,  thereby  diluting  the 
upper  layer  of  syrup ;  fermentation  once  having  started,  it  rapidly 
extends  throughout  the  entire  mass.  Bottles  should  hence  be 
well  filled  and  repeatedly  shaken  until  cold. 

The  commencement  of  vinous,  or  of  acetic  fermentation  is 
readily  noticed  by  the  fluidity  and  frothiness  of  the  syrup  as  well 
as  by  the  odor ;  the  fluidity  is  caused  by  the  loss  of  sugar,  which 
has  decomposed  into  carbonic  acid  (causing  the  frothing),  and 
alcohol  or  acetic  acid  which  are  distinguished  by  their  odor. 

The  preparation  may  be  saved  if  fermentation  has  not  pro- 
ceeded too  far,  by  boiling,  which  destroys  the  germs.  It  should 
not  be  forgotten,  however,  that  this  can  only  be  applied  to  such  as 
are  not  injured  by  heat.  Syrups  should  be  preserved  in  well 
filled,  cork-stoppered  vials  in  a  cool  place. 
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EXPLANATORY. 

Syrupus  Acidi  Hydriodici. — The  hydriodic  acid  is  developed 
by  the  reaction  between  the  potassium  iodide  and  tartaric  acid, 
thus : — 

KI        -h        H,C4H40«        ==        KHQHA        -H         HI 
Potassium  Tartaric  Acid.  Acid  Potassium  Hydriodic 


Iodide. 
165.5 


149  6 


Tartrate. 


Acid. 
127.6 


The  dilute  alcohol  is  employed  as  solvent  for  the  purpose  of 
assisting  the  separation  of  the  potassium  bitartrate  which  is 
insoluble  in  this  menstruum.  The  potassium  hypophosphite  * 
acts  here  as  preservative  agent,  preventing  decomposition  of  the 
hydriodic  acid,  which  is  caused  by  the  separation  of  iodine, 
brought  about  by  the  influence  of  light  and  air  (2HI  +  O  =  H2O 
+  I2).  The  reaction  between  the  hypophosphite  and  liberated 
iodine  is  as  follows : — 

KH,PO,      -h      41      +      2H,0      =      KI      +      HjPO^      -f      3HI 

Potassium  Iodine.  Water.  Potassium         Phosphoric  Hydriodic 

Hypophosphite. 


Iodide. 


Acid. 


Acid. 


It  is  important  that  the  potassium  iodide  be  free  from  iodate, 
otherwise  subsequent  discoloration  of  the  syrup  will  take  place, 
through  liberation  of  iodine  by  the  action  of  the  acid  solution  on 
the  iodate  in  presence  of  iodide. 

This  syrup  is  incompatible  with  potassium  chlorate,  mineral 
acids  and  salts  of  the  metals;  see  also  Syrupus  Ferri  lodidi. 

Assay, — In  the  U.  S.  Pharmacopoeia  process  of  assay  31.88  Gm. 
of  the  syrup  are  first  neutralized  exactly  with  ammonia  water, 
whereby  ammonium  iodide  (HI  +  NH3.H2O  =  NHJ  +  H2O) 
is  formed.  This  is  done  in  order  to  avoid  the  liberation  of  free 
nitric  acid,  which  would  prevent  the  precipitation  of  the  silver 
iodide  upon  the  addition  of  decinormal  silver  nitrate  V.  S.,  thus  : 
AgNOs  -}-  HI  =  Agl  +  HNO3.  After  neutralization  with  am- 
monia the  reaction  is  as  follows : — 


AgNO, 

-h         NH,I         = 

=        Agl 

+ 

NH4NO, 

Silver  Nitrate. 

Ammonium 

Silver 

Ammonium 

165.S 

Iodide. 
HI  =  127.5 

Iodide. 

Nitrate. 

Yellow  potassium  chromate  f  is  used  as  indicator,  to  show  the 
end  of  the  reaction ;  the  silver  solution  is  added  until  the  red 
color  produced  ceases  to  disappear  on  stirring,  leaving  the  solu- 
tion of  a  permanent  red  tint  (silver  chromate).  The  silver  will 
not  unite  or  remain  united  with  the  yellow  chromate  of  potassium 
(indicator)  as  long  as  any  free  hydriodic  acid  (or  NHJ)  is  present, 
but  as  soon  as  the  last  trace  of  this  has  been  precipitated,  then 


*  It  is  probable  that  traces  of  hypophosphorous  acid  are  also  produced  :^ 

HAHA        +        KHjPOs       =       KHC^HA        +        HgPO, 
Tartaric  Acid.  Potassium  Acid  Potassium    Hypophosph 

Hypophosphite.  Tartrate.  Acid. 

t  See  Decinormal  Silver  Nitrate  Volumetric  Solution.  ^ 
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the  next  addition  of  silver  solution  produces  the  red  silver  chro- 
mate,  at  which  point  we  stop. 

Since  one  molecule  (169.5  parts)  of  silver  nitrate  is  equivalent 
to  one  molecule  (127.5  parts)  of  hydriodic  acid,  we  have — 

AgNO,  HI 

Silver  Kitnie.  Hydriodic  Acid. 

16.»5       Gm.  (1000  Cc.  j^  V.  S.)     =    12.75       Gm. 
0.01695  Gm.  (      1  Cc.  ^^  y.  S.)    =      0.01275  Gm. 

25  Cc.  =  25  X  0.01275  =      0.3188    Gm.  of  Hydriodic  Acid  =  1  per 

cent,  of  31.88  Gm.  Or  [(0.3188  -f-  31.88)  X  100]  =  1  per  cent. 

Therefore,  if  31.88  Gm.  of  the  sample  required  25  Cc.  of  deci- 
normal  silver  solution  under  the  above  conditions,  the  syrup  is 
of  the  strength  (HI)  of  1  per  cent. 

Exercise, — How  much  hydriodic  acid  can  be  produced  from  13 
Gm.  of  potassium  iodide? 

If,  according  to  the  equation  (page  278),  165.5  parts  of  potas- 
sium iodide  are  capable  of  yielding  127.5  parts  of  hydriodic  acid, 
then  13  Gm.  of  potassium  iodide  w411,  under  the  same  circum- 
stances, yield  10  +  Gm.  of  hydriodic  acid,  for 

KI  HI  EI  HI 

165.5       :      127.5       ::      13         :  x 

a?  ==  10  +  Gm. 

Exercise, — How  much  tartaric  acid  is  necessary  to  decompose 
13  Gm.  of  potassium  iodide  into  hydriodic  acid  ? 

According  to  the  same  equation,  149.6  parts  of  tartaric  acid  are 
necessary  for  the  decomposition  of  165.5  parts  of  potassium 
iodide,  hence  13  Gm.  of  potassium  iodide  would  require  11.7  + 
Gm.  of  tartaric  acid : — 

KI  HAH40e  KI  H^C^H^ 

165.5  149.6  :         13  Gm.  x 

X  =  11.7  -f  Gm. 

The  U.  S.  P.  requires  12  Gm.  of  tartaric  acid  for  this  purpose, 
so  there  is  a  slight  excess  of  about  0.3  Gm.  above  the  theoretical 
amount. 

Syrupus  Allii  (Syrup  of  Garlic). — ^The  value  of  garlic  depends 
upon  its  volatile  oil,  wnich  consists  mainly  of  allyl  disulphide 


r  CjHs-s 


.  CjjHg— S 


(60  per  cent.)  and  allyl  propyl  disulphide 


C5H5-S 
C5H,-s 


(7 


percent.);  these  are  very  volatile,  hence  the  syrup  should  be  pre- 
pared by  the  cold  process.  The  best  menstruum  for  this  purpose 
IS  diluted  acetic  acid. 

Syrupus  AMYGDALiE. — This  syrup  is  demulcent  and  sedative. 
The  latter  property  is  due  to  the  presence  of  a  small  amount  of 
hydrocyanic  acid,  which  is  formed,  together  with  benzaldehyde 
(oil  of  bitter  almonds),  by  the  action  of  water  upon  the  glucoside 
amygdalin  contained  in  the  almonds, under  the  influence  of  another 
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constituent,  emulsin,  which  acts  as  a  ferment,  but  does  not  take 
part  in  the  reaction  itself: 

Ca,H„NO„  +  2H,0  +  Emulsin  =  2C,H„0j    -f  HCN   +  CeHjOOH  +  Emulsin 

Amygw  Water.  Gluooae.       Hydrocyanic    Benzaldehyde. 

dalia.  Acid. 

This  syrup  is  prepared  by  the  cold  process,  to  avoid  any  danger 
of  volatilizing  the  prussic  acid.  The  same  ferment  or  albuminoid, 
emulsin,  also  aids  m  emulsionizing  the  fixed  oil  present  in  the 
almonds,  when  the  latter  are  triturated  with  w^ater,  the  result 
being  a  milk-like  fluid. 

Syrupus  Calcis  (Liquor  Calcis  Saccharatus,  B.  P.) — Cane  sugar 
unites  with  different  oxides  and  hydroxides  of  the  metals  to  form 
a  class  of  soluble  compounds  known  as  SdccharcUes.  This  is  the 
case  with  calcium  hydrate,  the  sugar  forming  with  it  at  least 
four  different  compounds,  according  to  the  proportion  of  the  two 
and  the  temperature  emploved  (C12H22O11.  a:CaO).  When  admin- 
istered, it  should  be  well  diluted  with  water.  The  syrup  should 
be  kept  in  well-closed  vials,  since  it  readily  absorbs  carbon  dioxide 
from  the  air. 

Syrupus  Ferri  Iodidi. — On  bringing  iodine  and  clean,  bright 
iron  wire  (card  teeth)  in  contact,  in  presence  of  water,  the  follow- 
ing reaction  takes  place : — 

(a) 


Fe 

-h         21 

=         Fel, 

Iron. 

Iodine. 

Ferrous  Iodide. 

65.9 

2  X  126.6 

308.9 

The  reaction  is  known  to  be  complete  by  the  solution  assum- 
ing a  greenish  color.  Care  should  be  taken  that  no  particles 
of  iodine  remain  adhering  around  the  sides  or  neck  of  the  flask, 
otherwise  in  pouring  off  the  solution  it  will  become  contaminated 
with  free  iodine.  The  resulting  syrup  should  have  a  bright  pea- 
green  color,  free  from  any  trace  of  yellowish  cast.  The  solution 
on  exposure  to  the  air,  also  the  syrup  on  standing,  is  prone  to 
become  discolored  (yellow  to  brown),  due  to  the  separation  of  free 
iodine,  thus : — 

(6)     Fel,      +      2H,0      +      O      =      Fe(OH),      -f      I      +      HI 

Ferrous  Water.  Oxygen.  Ferrous  Iodine.  Hydriodic 

Iodide.  Hydrate.  Acid. 

The  U.  S.  Pharmacopoeia  directs  to  test  for  the  presence  of  free 
iodine  by  the  addition  of  starch  paste,  which  produces  a  blue 
color.  When  in  such  a  condition,  the  syrup  should  not  be  dis- 
pensed. 

The  syrup  or  solution  of  ferrous  iodide  may  be  kept  indefinitely, 
retaining  its  pea-green  color,  if  a  few  pieces  of  clean  iron  wire 
(card  teeth)  be  placed  in  the  bottle,  w^hich  is  to  be  kept  well  closed. 
Should  it  have  become  discolored,  it  is  best  exposed  to  the  direct 
sunlight ;  this  causes  a  re-combination  of  the  free  iodine  with  the 
iron  present. 
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Syrup  of  ferrous  iodide  is  incompatible  with  potassium  chlo- 
rate, since  free  iodine  is  liberated,  thus : — 

(c)    2FeI,        +        KCIO,         =        Fe,0,        +        KCl        +        41 

Also  with  salts  of  the  metals,  such  as  those  of  mercury,  lead, 
silver,  etc. ;  likewise  with  the  inorganic  acids. 

Assay. — ^The  amount  of  ferrous  iodide  present  is  ascertained 
by  means  of  decinomial  solution  of  silver  nitrate,  which  reacts 
according  to  the  following  equation  : — 


(d)    2AgN0, 

+        Fel, 

2AgI        +        Fe{NO,), 

SUver  Nitrate. 

Ferrous  Iodide. 

Silver  Iodide.           Ferrous  Nitrate. 

2  X  189.6 

308.9 

Now,  in  this  case,  a  measured  excess  of  the  silver  solution  is 
added,  and  the  amount  of  uncombined  silver  is  ascertained  by 
means  of  decinormal  potassium  sulphocyanate  V.  S.,*  ferric 
ammonium  sulphate  T.  S.  being  used  as  inSicator.f 

1.55  Gm.,  or,  if  greater  accuracy  is  required,  1.5447  Gm.  of  the 
Syrup  are  weighed  oflf,  and  if  it  be  of  proper  strength,  10  per  cent, 
of  this  (0.155)  should  be  ferrous  iodide.  To  just  precipitate  this, 
10  Cc.  of  the  silver  solution  are  required,  for 

(c)    2AgN0,  Fel, 

Silver  Nitrate.  Ferrous  Iodide. 

169.6  p., 154.4-h  p. 

16.95  Gm.  (1000  Cc.  V.S.), 15.44-1- Gm. 

0.01695  Gm.(lCc.  V.S.), #.   .   .      0.05444- Gm. 

10  C!c.  =  10  X  0.01544  =  0.1544  -f-  Gm.  Fel,. 

But,  since  an  excess  of  silver  solution  over  and  above  what  is 
necessary  for  the  precipitation  of  the  ferrous  iodide  has  been 
added,  this  excess  is  estimated  by  adding  decinormal  potassium 
sulphocyanate  V.  S.,  until  a  red-brown  tint  remains  after  shaking. 
This  shows  that  the  sulphocyanate  solution  has  precipitated  all 
of  the  free  silver  nitrate,  and  that  the  slight  excess  of  the  sulpho- 
cyanate has  reacted  with  the  ferric  ammonium  sulphate,  produc- 
ing a  red-brown  color  (sulphocyanate  of  iron). 


(/)        KSCN        + 

AgNO, 

KNO, 

+ 

AgSCN 

Potassiam 

Silver  Nitreta 

Potaasium 

Silver  Sulpho- 

Sulphocyanate. 

Nitrate. 

cyanate. 

Potaasium  &ilphocyanate,  97  p.       »       Silver  Nitrate,  1G9.5  p. 
9.7  Gm.  (1000  Cc.  V.  S.)  =  16.95  Gm.  (1000  Cc.  V.  8.) 
0.0079  Gm.  (1  Cc.  V.  8.)    =   0.01695  Gm.  (1  Cc.  V.  8.) 

Thus  one  cubic  centimeter  of  the  sulphocyanate  solution  is 
equivalent  to  one  cubic  centimeter  of  the  silver  solution. 

The  U.  S.  Pharmacopoeia  states  that  only  one  cubic  centimeterv 
of  the  sulphocyanate  solution  should  be  required,  if  wo  had 
originally  added  11  Cc.  of  the  silver  solution.  Hence,  10  Cc.  of 
this  has  been  consumed  by  the  ferrous  iodide,  indicating,  accord- 

*  See  Decinormal  Volumetric  Potassium  Sulphocyanate  Solution. 

t  Potassium  chromate  oannot  be  used  here  as  indicator,  since  it  reacts  with  the  ferrous  salt 
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ing  to  the  equation  e,  that  the  syrup  is  of  proper  strength  (10  per 
cent.). 

Exercise, — Two  grammes  of  a  sample  of  Syrup  of  Ferrous 
Iodide  were  titrated.  First,  12  Co.  of  decinormal  silver  nitrate 
V.  S.  were  added,  and  afterward  3  Cc.  of  decinormal  potassium 
sulphocyanate  V.  S.  were  required,  until  the  solution  assumed  a 
red-brown  color,  ferric  ammonium  sulphate  T.  S.  being  used  as 
indicator.     What  was  the  strength  of  the  syrup? 

Since  1  Cc.  of  the  sulphocyanate  V.  S.  is  equivalent  to  1  Cc. 
of  the  silver  V.  S.,  hence  9  Cc.  (12  Cc.  —  3  Cc.  =  9  Cc.)  of 
the  silver  solution  were  consumed  by  the  ferrous  iodide.  Now, 
since  1  Cc.  of  decinormal  silver  nitrate  V.  S.  is  equivalent  to 
0.0154  Gm.  of  ferrous  iodide,  hence  9  X  0.01544  =  0.1389  Gm. ; 
consequently  the  2  Gm.  of  the  syrup  contain  0.1389  Gm.,  or 
6.94  +  per  cent,  of  ferrous  iodide.* 

Exercise, — How  much  ferrous  iodide  can  be  obtained  from  83 
Gm.  of  iodine? 

Since,  according  to  equation  a,  253.2  parts  of  iodine  yield  308.9 
parts  of  ferrous  iodide,  83  Gm.  of  iodine  will  yield  101.2  +  Gm. 
of  ferrous  iodide,  for 

Iodine.  Ferrous  Iodide.  Iodine.      Ferrous  Iodide. 

253.2        :        308.9        :  :        83        :        x 
X  =  101.2  -j-  Gm.  ferroos  iodide. 

Thus  83  Gm,  of  iodine  will  yield  101.2  +  Gm.  of  ferrous 
iodide. 


*  In  a  reaction  of  this  kind  the  theoretical  yield  is  never  obtained,  for  moisture  and  impurities  in 
the  iodine  will  lower  the  results. 
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TABLE  OF  U.  8.  P.  SYRUPS  CLASSIFIED  ACCORDING  TO  MODE  OF 


Title, 

Hot  Pbocess. 

Syrupua 
Acidi  Hydriodici,  .   . 

Calcis, 

Picis  LiquidfiB,    .   .   . 

Rabi  Idiei, 

SaraaparillsB  Com- 
positus,    ..... 

Syrnpos. 
Tolutanus, 


Cold  Process. 

Syrupus 

AUii 

Althaeie, 

AmygdalfiB, 

AnraDtiiy 

Anrantii  Floram,  .   . 
Oftlcii  Lactophos- 

phatis, 

Hypophosphitnm,  .   . 
Ipecacnanhfe,  .... 

Lactacarii, 

Pmni  Virginianad, .   . 
Scillee, 


Scillffi  Co., 


SenegsB,  . 
Sennse, .  . 
Zingiberis, 


Simple  Admixture 
WITH  Sykcp. 

Syrupus 

Acaciffi, 

Acidi  Citrici,  .... 

Ferri  lodidi,    .... 

Ferri,  Quininte  et  ( 
StTychnin®^  Phos-  -j 
pbataTOy   ....(. 

Hypophosphitmn 
cum  Ferro,  .... 

Krameriffi, 

Rhei, 

Rhei  Aromaticus,  .   . 

Roeae, 

Rubi, 


PREPARATION. 


HI,  1^. 

Calcium  Saccharate. 

Tar. 

Raspberry  Juice. 

Fid.  Ext  Sarsaparilla  ;   Fid. 
Ext.  Senna. 

Balsam  of  Toln. 


(rarlic. 

Marshmallow. 
Almond— HCN. 
Sweet  Orange  Peel. 
Orange  Flower  Water. 

Calcium  Lactopbospbate. 
Ca,  K,  Na,  Hypophosphites. 
Fid.  Ext.  Ipecac. 
Lactucarium. 
Wild  Cherry. 
Vinegar  of  Squill. 

Fid.  Ext   Squill;  Fid.  Ext 

Sen^^a ;  Tartar  Emetic. 
Fid.  Ext.  Senega. 
Senna. 
Fid.  Ext  Ginger. 


PropertieM. 


Alterative, 
Antacid, 
Expectorant, 
Vehicle. 

Alterative, 

Vehicle. 
Vehicle. 


Dote, 


20  nt. 

20  nt. 
4-8  Co. 


15  Cc. 


Stimulant,  Expec. ,  4  Cc 

Demulcent. 

Demulcent,  Sedative. 

Vehicle. 

Vehicle. 

Tonic,  10-15  Cc. 

Tonic,  4-8  Cc 

Expectorant,  2-30  Tr\^. 
Hypnotic,  7-10  Cc. 
Vehicle. 

Expectorant,  10-30  n^. 
Diaphoretic. 


<( 


It 


Mucilage  of  Acacia. 
Citric  Acid. 
Ferrous  Iodide,  10%. 
Ferric  Phosphate,  2%. 

Quinine  Sulphate,  3%. 

Strychnine,  0.02%. 


Expectorant,  3-8  Cc. 
Cathartic,  4-15  Cc 
Vehicle. 


} 


Vehicle. 
Vehicle. 
Alterative, 

Tonic, 


Ferrous  Lactate,  1  %  Syrup  of  Tonic, 

Hyiwphoephites. 
Fid.  Ext  Krameria. 
Fid.  Ext.  Rhubarb. 
Arom.  Tr.  Rhubarb. 
Fid.  Ext  Rose. 
Fid.  Ext.  Rubus. 


Astringent, 

Laxative, 

Purgative, 

Vehicle. 

Astringent, 


10-20  Cc. 
4Cc 

4-8  Cc. 

2-4  Cc. 
4Cc. 
4Cc 

4-8  Cc. 
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BIELLITA— (ZToiMg^j). 

The  official  Honeys  are  a  class  of  thick  or  semi-liquid,  sweet, 
medicated  preparations,  diflfering  from  syrups  in  that  honey  is 
employed  as  the  base  instead  of  simple  syrup. 

This  class  of  preparations  was  formerly  quite  popular,  but  their 
number  has  been  gradually  lessened  by  the  various  pharma- 
copoeias, until  at  present  Mel  Despumatum  and  Mel  Rosse  consti- 
tute the  only  ones  remaining.  These  two  are  employed  simply 
as  bases,  or  vehicles,  for  the  administration  of  other  remedies. 

Great  caution  should  be  observed  in  the  selection  of  honey  for 
pharmaceutical  purposes ;  for,  because  of  its  peculiar  viscidity,  it 
IS  easily  adulterated  with  glucose. 

Mel  Despumatum.  —  The  U.  S.  Pharmacopoeia  directs  the 
strained  honey  to  be  clarified  by  heating  it  on  a  water-bath  with 
)aper  pulp,  as  long  as  any  scum  (consisting  of  wax  and  other 
ignter  impurities)  rises  to  the  surface.  This  is  removed  by 
skimming.  Then,  after  straining,  5  per  cent,  of  glycerin  is  added 
for  the  purpose  of  protecting  the  honey  from  any  change.  A 
more  brilliant  preparation  is  obtained  if  it  be  filtered  through 
paper  *  in  a  steam-jacketed  funnel  ("  Hot  Filtration,"  page  179). 
Various  other  clarifying  agents  are  in  use  and  have  been  sug- 
gested, among  which  are  gelatin,  white  of  egg,  Irish  moss,  animal 
charcoal,  aluminum  hydroxide,  etc.;  but  all  these  require  that 
the  honey  be  diluted  with  water,  necessitating  therefore  subse- 
quent evaporation,  which  results  in  impairing  the  aroma  and 
often  the  color  of  the  honey. 


I 


OXYMELLITA. 

These  consist  of  simple  or  medicated  honey  mixed  with  acetic 
acid. 

Oxymel  of  the  British  Pharmacopoeia  consists  of  a  mixture  of 
clarified  honey  (40  oz.),  acetic  acia,  and  water  (each  5  fl.  oz.). 
Other  pharmacopoeias  direct  that  the  honey  be  mixed  with  dilute 
acetic  acid  and  evaporated.  The  simplest  process  is  that  of  the 
Ph.  Ger.  I,  which  consists  in  mixing  40  parts  of  clarified  honey 
with  1  part  of  acetic  acid  (sp.  gr.  1.040).  The  most  popular 
preparation  of  this  class  is  the  Oxymel  Scillse,  which  is  made  by 
mixing  Vinegar  of  Squill  with  clarified  honey. 


RP. 

Fr.  Ph. 

Germ.  Ph. 

Vinej^ar  of  Squill, 
Clarified  Honey, 

1  pt. 
1.6  pt. 

1  pt. 
4pt. 

1  pt. 
2pt. 

*  For  Altering  syrups,  honey,  oils,  etc.,  Schleicher  A  Sch Oil's  filter  paper,  Nos.  586  and  5S4,  are 
especially  adapted. 
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Elixirs  are  sweetened,  aromatic,  hydro-alcoholic,  medicated 
preparations. 

The  word  "elixir"  is  derived  from  the  Arabic  iMr  (itself 
derived  from  the  Greek),  a  name  applied  by  alchemists  to  a 
wonderful  powder  capable  of  transforming  base  metals  into  gold 
and  silver.  This  term  was  later  applied  to  compound  tinctures 
which  were  supposed  to  possess  rare  medicinal  virtues.  In 
modern  times,  this  title  was  applied  in  European  countries  to 
concentrated  alcoholic  extracts  of  drugs  usually  of  disagreeable 
taste.  Later,  in  American  pharmacy,  it  has  been  applied  to  an 
entirely  different  class  of  preparations,  characterized  by  their 
pleasant  aromatic  taste  and  containing  from  20  to  25  per  cent,  of 
alcohol. 

The  objection  to  these  preparations  is  that,  owing  to  the  small 

{)ercentage  of  medicinal  agent  present,  the  dose  is  necessarily 
arge,  the  alcohol  present  often  seriously  interfering  with  the 
medicinal  action  of  the  drug. 

The  U.  S.  Pharmacopoeia  recognizes  Elixir  Aromaticum,  which 
is  employed  simply  as  an  aromatic  flavoring  agent,  and  Elixir 
Phosphori,  each  cubic  centimeter  of  which  represents  0.00025 
Gm.  of  phosphorus,  corresponding  to  about  ^  of  a  grain  in  each 
teaspoonful. 


CHAPTER   XXX. 

BOLUnONS  (Qyoerin  as  Solvent). 

GLYCERITA— ( Glycerita), 

Glycerites  are  solutions  of  medicinal  agents  in  glycerin. 

Glycerin,  because  of  its  valuable  solvent  properties  and  freedom 
from  rancidity,  forms  an  excellent  vehicle  for  the  external  appli- 
cation of  many  organic  and  inorganic  substances. 

Glycerin  not  only  eflfectually  protects  sensitive  compounds 
from  oxidation  and  change,  but  also  aflTords  permanent  elegant 
solutions  which  form  emollient  and  soothing  applications.  Such 
concentrated  solutions  as  those  of  carbolic,  tannic,  and  gallic 
acids,  etc.,  are  very  convenient,  because  they  readily  yield  clear 
solutions  on  dilution  with  water.  The  U.  S.  Pharmacopoeia 
recognizes  6  glycerites. 


nat. 

Glyceritiim  Amjli,  .   . 


(C 


( t 


(i 


<( 


Acidi,  Carboli 


ci. 


Acidi,  Tanni- 

Vilf        •         ■         . 


Hydrastis, . 
Vitelli,  .    . 


GLYCERITA,  U.  S.  P. 

QnutUuenU. 

Starch,  Water,  each  10  Gm. 
GLyceriD,  8U  Gm. 

Carbolic  Acid,  20  Gm. 
Glycerin,  80  Gm. 


Tannic  Acid,  20  Gm. 

Glycerin,  80  Gm. 
Boroglycerini,    Boric  Acid,  310  Gm. 

Glycerin  to  make  1000  Gm. 
Hydrastis,  Water  (Alcohol). 

Glycerin. 
E^  Yolk,  45  Gm. 

Glycerin,  55  Gm. 


Properties, 

Emollient,  Base,  and 
Excipient. 

Diluted  as  a  Wash. 


'  Local  Application, 
I     Astringent. 
I  Antiseptic. 

Diluted,  Wash. 

Local  Application. 


286 


CHAPTEE  XXXI. 

SOLUTIONS  (Oleic  Acid  as  Solvent). 

OLEATA— (0/ea^«j). 

Oleates  are  solutions  of  bases  (metallic  or  alkaloidal)  in  oleic 
acid.  These  preparations  as  recognized  by  the  Pharmacopoeia 
are  not  definite  chemical  compounds ;  they  are  simply  solutions 
obtained  by  triturating  the  medicating  substance  with  a  large 
excess  of  oleic  acid.  In  the  preparation  of  the  oleates,  wherever 
possible,  the  application  of  heat  should  be  avoided,  since,  owing 
to  the  reducing  properties  of  the  oleic  acid,  the  metallic  oxides 
may  be  reduced  to  their  metals,  which  precipitate  from  solution. 
As  an  example  of  this,  the  official  oleate  of  mercury,  even  when 
prepared  in  the  cold,  will  on  standing  deposit  more  or  less 
metallic  mercury.  This  decomposition  will  take  place  more 
rapidly  if  heat  has  been  employed  in  its  preparation. 

In  preparing  the  oleates  of  any  of  the  metals^  only  the  freshly 
precipitated,  well-dried  metallic  oxide  should  be  used,  on  account 
of  the  comparatively  greater  solubility  of  the  freshly  prepared 
oxide.  When  preparing  the  oleates  of  the  alkaloids,  it  must  be 
remembered  that  only  the  free  alkaloids,  and  not  their  salts,  are 
soluble  in  oleic  acid.  When  the  free  alkaloid  is  not  at  hand,  it 
can  be  readily  prepared  from  any  of  its  salts  .by  dissolving  the 
necessary  quantity  in  water,  by  aid  of  a  little  dilute  acid  if 
necessary,  then  adding  slowly,  with  constant  stirring,  diluted 
ammonia  water,  or  another  suitable  alkali,  until  it  is  in  slight 
excess.  The  precipitated  alkaloid  is  then  collected  on  a  plain 
filter,  washed  with  cold  water  to  remove  most  of  the  ammonium 
or  alkali  salt  present,  and  dried  at  100°  C,  when  it  is  ready  for 
solution  in  the  oleic  acid. 

In  preparing  these  oleates,  only  porcelain  or  glass  utensils 
should  be  used,  and  either  glass  rods  or  horn  spatulas  should  be 
used  for  stirring 

Dry  Oleates. — These  dry  oleates,  or  more  properly  oleopalmi- 
tates,  are  not  official;  they  are  definite  chemical  compounds 
obtained  by  interaction  between  solutions  of  sodium  oleate  and 
metallic  salts. 

Sodium  Oleate  may  be  made  by  warming  100  parts  of  oleic 
acid  in  a  dish  to  60°  C,  then  adding  a  solution  or  16  parts  of 
caustic  soda  in  a  mixture  of  30  parts  of  alcohol  and  90  parts  of 
water,  until  the  acid  is  neutralized,  which  is  shown  by  the  fact 
that  a  faint  red  tint  is  imparted  to  the  solution  by  phenolphta- 
lein. 

This  soap  (sodium  oleate)  is  then  dissolved  in  about  2000  parts 
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of  water,  and  into  it  is  poured,  under  constant  stirring,  a  solution 
of  the  salt  (in  molecular  proportion)  in  about  800  parts  of  water. 
The  resulting  precipitate  should  settle  rapidly,  leaving  a  clear, 
supernatant  liquid.  Should  this  not  be  the  case,  but  the  solution 
remain  of  a  milky  appearance,  then  an  insufficient  amount  of  the 
salt  has  been  added.  The  reaction  takes  place  according  to  the 
following  equation : — 

2C,7H53COOH        -h        2NaOH        =        2C„Hj,CX)0Na        +        2H,0 

Oleic  Acid.  Sodium  Hydrate.  Sodium  Oleate.  Water. 

2  X  281.3  2  X  40  2  X  303.8 

2C,7HssCOONa      +      Zn(C,HA)i      =       {cI'h"cOo}^"      +      2NaC,HA 
Sodium  Oleate.  Zinc  AceUte.  '"  vJ     ^TV  Sodium 

2X303.3  182.8.  ^"^S'S**^  AceUte. 

62o.7 

The  following  formula  may  be  given  for  practical  use : — 

Oleic  Acid  (sp.  gr.  0.890  to  0.900), 100  grains. 

Sodiam  Hydrate 16  grains  or  q.  s. 

Alcohol, 1  flaidrachm. 

Zinc  Acetate, 550  grains. 

Or,  Lead  Acetate, 675  grains. 

Or,  Copper  Salphate, 442  grains,  etc. 

If  cold  solutions  are  employed,  the  oleate  will  form  a  light, 
flocculent  precipitate;  if  the  solutions  are  hot,  the  oleate  will  form 
a  soft,  sticky  mass.  If  a  dry  pulverulent  oleate  is  desired,  the 
precipitate  obtained  under  the  beforenamed  conditions  is  collected 
on  a  strainer  and  well  washed  until  all  traces  of  the  inorganic 
salt  formed  in  the  reaction  have  been  removed ;  it  is  then  dried 
by  spreading  it  out  on  porous  tiles   or  bibulous  paper   and 

{uacing  it  in  a  dry  place.  The  oleate  obtained  by  precipitation 
rom  a  hot  solution  should  be  washed  by  stirring  it  with  hot  water, 
then  deprived  of  water  by  placing  it  in  a  dish  on  a  water-bath 
and  heating.  When  cold  it  may  be  moulded  into  sticks  or  pul- 
verized. These  oleopalmitates*  may  be  more  conveniently  made 
by  dissolving  1  part  of  Castile  soap  (sodium -oleopalmitate)  by 
means  of  heat  in  8  parts  of  water,  allowing  to  stand  24  hours  so 
as  to  permit  the  deposition  of  the  greater  portion  of  sodium  pal- 
mitate ;  the  clear,  supernatant  liquid,  consisting  of  sodium  oleate, 
is  then  decanted  off.  To  this  solution  is  now  added,  under  the 
same  conditions  as  already  mentioned,  a  slight  excess  of  an 
aqueous  solution  of  a  metallic  salt.  It  should  be  observed  that 
the  saline  solution  should  not  contain  any  free  acid,  otherwise  free 
palmitic  acid  will  be  precipitated.  For  all  practical  purposes,  an 
oleate  prepared  as  above  directed  is  sufficiently  free  from  palmi- 
tates.f 

These  Oleates  are  employed  in  dermal  medication,  their  medi- 
cinal properties  depending  upon  the  base  present,  and  their 
action  being  influenced  by  the  readiness  with  which  oleic  acid  is 
absorbed  by  the  skin. 


•  Druggists  Circular,  1885,  page  2. 


t  Dr.  L.  Wolff,  Amer.  Jwr.  Phar.,  1881,  p.  545. 
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The  Pharmacopoeia  recognizes  two  oleates  made  from  a  metallic 
base,  viz.,  Oleatum  Hydrargyri  and  Zinci,  and  one  made  from  an 
alkaloid,  viz.,  Oleatum  Veratrinae. 

Exercise. — It  is  desired  to  prepare  1  fluidounce  of  a  25  per 
cent,  solution  of  Oleate  of  Quinme,  it  being  assumed  that  the 
operator  has  no  free  quinine  (that  is,  the  alkaloid  itself)  in  stock, 
but  that  he  has  the  sulphate. 

The  first  step  will  be  to  ascertain  how  much  of  the  free  alka- 
loid will  be  needed ;  thus,  25  per  cent,  of  410.1  grains,  the  weight 
of  one  fluidounce  of  oleic  acid  (455.7  X  0.900),  is  102.5  +  grains, 
the  weight  of  the  alkaloid  necessary ;  this  is  then  to  be  dissolved 
in  353.2  grains  of  oleic  acid.  Owing  to  the  fact  that  the  alkaloid 
does  not  occupy  the  same  bulk,  weight  for  weight,  as  the  oleic 
acid,  we  would  obtain  a  little  less  than  one  fluidounce,  hence  it 
is  better  to  prepare  a  little  more  (taking,  for  instance,  500  grains 
of  oleic  acid)  than  necessary,  and  to  throw  the  slight  excess  away, 
or  to  reserve  it  for  future  use.  The  102.5  grains  of  the  alkaloid 
Quinine,  which  are  required  for  the  above-given  problem,  must 
be  prepared  from  the  Sulphate.  Now,  if,  according  to  the  follow- 
ing equation,  646.6  parts  of  Quinine  correspond  to  870.2  parts  of 
the  Sulphate,  to  obtain  102.5  grains  of  the  alkaloid  will  require 
137.9  +  grains  of  the  Sulphate. 

(C«H«N,0,),H^4.7H.,0  +   2NH4OH    =   2Ck>H„NA    +  (NHi)^©*   -h    9H,0 

For 


Quinine  Sulphate.  Ammonia  Water.  Quinine.  Ammonium  Water. 

870.2.  2NU,«34.  2  X  S23.3  Sulphate. 


Quinine.       Quinine  Sulphate.         Quinine.    Quinine  Sulphate. 

646.6        :       870.2  102.5       :       x 

X  -  137.9  -I- 

Hence,  we  would  require  137.9  +  grains  of  auinine  sulphate 
and  353.2  grains  of  oleic  acid  to  prepare  a  fluidounce  (approxi- 
mately) of  a  25  per  cent,  solution. 


19 


Fig.  328. 


CHAPTER    XXXII. 

ETHBBEAL  SOLUTIONS. 

OLEORESINiE-(  Oleoreaim), 

Oleoresins  are  ethereal  extracts  of  an  oleoresinous  nature, 
obtained  from  vegetable  drugs  by  percolation  with  ether. 

The  drugs  selected  for  this  class  of  preparations  are  those 
whose  activity  resides  chiefly  in  their  fixed  oil  and  resin.  These 
constituents  are  readily  extracted  from  the  drug  by  means  of 
such  solvents  as  ether,  chloroform,  acetone,*  benzin,  etc.  Among 
these  the  Pharmacopoeia  selects  ether  as  the  most  suitable.  Fluid 
extracts  are  also  prepared  from  some  of  these  drugs,  but  they  do 
not  represent  the  same  medicinal  properties,  since  alcohol  extracts 
a  different  class  of  principles. 

The  Pharmacopoeia  directs  that  the  drug  be  firmly  packed  in 
a  suitable  percolator  for  volatile  liquids,  and  that  this.be  provided 

with  a  glass  stopcock  (Fig.  307).     In  the  absence 
of  such  an  apparatus,  anv  small  percolator  may 
V  n  be  used,  and  logs  through  volatilization  of  men- 

^^^  struum  be  guarded  against  by  closing  the  top  of 

the  percolator  securely  by  means  of  a  large  jar- 
cork,  through  which  air  is  admitted  by  means 
of  a  small  tube.  The  perforated  cork  inserted  in 
the  outlet  of  the  percolator  should  carry  a  long 
glass  tube  which  extends  into  a  securely  covered 
receiving  bottle,  allowance  being,  of  course,  made 
for  the  escape  of  air.  Rubber  should  not  be  used. 
Another  form  of  percolator  adapted  to  this  pur- 
pose is  shown  in  Fig.  328.  The  powdered  drug 
IS  packed  in  the  percolator,  a,  and  the  solvent 
poured  over  it.  After  sufficient  maceration,  the 
stopcock,  c,  is  opened  sufficiently  to  allow  the  proper 
rate  of  percolation.  The  connecting  tube  is  to 
prevent  any  loss  of  volatile  solvent,  also  for  the  purpose  of  equal- 
izing the  air  pressure.  It  will  be  seen  that  the  process  of  perco- 
lation demands  the  handling  and  use  of  comparatively  large 
quantities  of  ether,  which,  with  the  subsequent  distillation  neces- 
sary, renders  the  process  more  or  less  dangerous  as  well  as 
wasteful.  These  difficulties  are  readily  overcome,  when  only 
small  quantities  of  the  drug  are  to  be  operated  upon,  by  the  use  of 
the  Soxhlet's  Extraction  Apparatus  (Fig.  329),  which  permits  the 
complete  extraction  of  the  powdered  drug  with  a  very  small 
amount  of  ether.     In  the  flask,  a,  is  placed  the  necessary  volume 

•  G.  M.  Beringer,  Amer.  Jour,  Phar.,  p.  145, 1892. 
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k 


ETHEREAL  SOLUTIONS.  291 

of  ether  (about  50  Cc.).    The  powdered  drug  (about  50  Gm.),  e, 
having  been  firmly  packed  into'a  cartridge  of  filter  paper,  is 
introduced  into  the  Soxhlet  tube,  d;   the  latter  is  in  turn  con- 
nected with  the  upright  condenser,  c.     The  flask, 
A,  is  now  heated  gently  on  a  water-bath,  the  vapor        Fia.  320. 
of  the  ether  rises  through  b,  condenses  above  and 
drops  on  to  the  powder  in  the  cartridge.    After 
percolating  through  to  the  bottom  of  the  tube,  D, 
the  solvent  charged  with  the  soluble  matter  of 
the  drug  rises  in  the  siphon,  f,  which,  as  soon   as 
it  becomes   sufficiently  filled,  discharges  its  con- 
tents into  the  flask,  A.     This  process  repeats  itself, 
and  is  continued  until  the  drug  is  exhausted, 
requiring  usually  from  one  to  two  hours.     The 
flask,  A,  may  be  connected  with  a  condenser,  and 
the  solvent  recovered  by  distillation,  or  the  con- 
tents of  A  may  be  poured  into  an  evaporating  dish 
and  the  slight  excess  of  ether  allowed  to  evapo- 
rate spontaneously. 

Commercial  oleoresins  vary  considerably  in 
quality;  it  therefore  behooves  the  apothecary  to 
prepare  his  own. 

The  Pharmacopceia  recognizes  six  oleoresins; 
specifying  in  the  instance  of  oleoresin  of  male 
fern,  that  the  granular-like  deposit  (filicic  acid)  to 
which  the  activity  ia  mainly  due,  should  be  thor- 
oughly mixed  with  the  liquid  portion  before  use. 
In  oleoresin  of  cubeb  a  waxy  and  crystalline  de-  soihw.  Ettneiion 

Esit  (cubebin)  also  occurs  on  standing,  but  aa  this         Appwrnim. 
s  no  medicinal  value,  it  should  be  discarded. 
The  oleoresins  should  be  administered  in  diluted  form,  either 
in  emulsion  or  pill.    Male-fern  is  best  administered  in  gelatin 
capsules. 
The  U.  S.  Pharmacopoeia  recognizes  6  Oleoresins. 


OLEORESINS,  U.  S.  P. 


TOfc. 

aiirr—Arrragt  Yirld. 

Prnpmia.            Dote. 

OleoresiDft  Aapidii,    .   .    . 

DarkGreen,  abont  Ifi-lS;*. 

Taaiicide,        30-60  T\. 

Capaici,     .   .   . 

Dark   Ii«d-Browti,   aboat 

Stimulant,       J  to  1  nV- 

17-20  <S. 

Cabeba:,  .  .  . 

Greenisb- Brown,   about 

Dinretic. 

18-2-2%. 

Eipectorant,5-301V 

Lapnlini,     .  . 

Reddish  Brown  ;aboQt  55%. 

Tonic,  Bodali¥e,3-10TrL. 

Pipe™,     .   .   . 

Greeniah-Biack.  abont  6-8%. 

Stimulant,      i  lo  1  TH,. 

Zlnglberifl,  .  . 

Dark- Brown,  about  5%. 

Stimulant,      J  to  1  m. 
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COU/yDUL-^Medicated  CoUodions), 

Tlie  medicated  Collodions  consist  of  collodion  impregnated 
with  medicinal  substances.    They  are  only  employed  externally. 

Collodion,  the  base  of  this  class  of  preparations,  is  prepared 
by  dissolving  pyroxylin  (soluble  gun  cotton)  in  a  mixture  of  3 
parts  of  ether  and  1  part  of  alcohm.  The  Pyroxylin  is  obtained 
by  the  action  of  nitric  acid  (with  assistance  of  sulphuric  acid) 
upon  cotton  (cellulose).  When  nitric  acid  is  caused  to  react  on 
cellulose  (CeHioOs),  various  substitution  products  are  formed, 
*  according  to  the  strength  of  the  acids  employed,  being  designated 
as  mono-,  di-,  and  iri-nitrocellulose,*  etc.  Only  one  of  these,  the 
di-nitrocellulose,  is  completely  soluble  in  the  ether-alcohol  mix- 
ture; this  should  not  be  confounded  with  the  explosive  hexa-  (or 
tri-)  nitrocellulose. 

When  collodion  is  applied  to  a  dry  surface,  the  ether  and  alcohol 
rapidly  evaporate  and  leave  a  transparent,  adhesive,  and  con- 
tractile film  behind.  For  this  reason  it  forms  a  valuable  application 
for  keeping  together  the  edges  of  small  wounds,  or  for  covering 
ulcers  or  abraded  surfaces.  When  it  is  simply  desired  to  protect 
the  surface^  a  flexible  (non-contracting)  film  is  desirable;  for  this 
purpose  the  ofiicial  Collodium  Flexile  should  be  used. 

Collodion  is  made  the  vehicle  for  the  application  of  various 
remedies,  such  as  iodine,  cantharides,  corrosive  sublimate,  etc. 

Because  of  the  volatile  nature  of  the  ether,  the  collodions  should 
be  kept  in  well-stoppered  vials  in  a  cool  place,  and  because  of  the 
extremely  inflammable  nature  of  both  the  pyroxylin  and  the 
ether-alcohol,  it  should  not  be  dispensed  or  applied  in  proximity 
to  a  light,  or  fire. 


TUl€. 

Collodiam, 

Collodiam  Cantharidatani, 


CoUodinm  Flexile, 


Collodiam  Stypticam, 


COLLODIA,  U.  S.  P. 

Cbnttituents. 

Pyroxylin,  30 Gm. ;  Ether,  750 
Cc;  Alcohol,  250  Ckj. 

Cantharides,  60  Gm. ;  Chloro- 
form; Flexible  Collodion,  65 
Gm. 

Collodion,  920  Gm.;  Canada 
Turpentine,  50  Gm. ;  Castor 
Oil,  30  Gm. 

Tannic  Acid,  20  Gm. ;  Alcohol, 
5  Co.;  Ether,  25  Cc. 


Use, 
Protective  Application. 

Blistering  Application. 
Protective  Application. 
Styptic  Application. 


*  These  are  compounds  in  which  the  nitric  acid  residue  <NOa)  replaces  hydroxy!  (OH)  groups  in  the 
celhilose  formula.  The  double  formula  of  cellulose  (CisUsAo)  1^  taken.  Then  by  the  action  of  nitric 
acid  under  different  circumstances  we  obtain, 

CisHi«09  (NOs>, Mono-nitrooellulose. 

CiiHtgOe  (NO]|)s, Di-nitrocellulose,  official  soluble  gun  cotton. 

C1JH17O7  (NOs'8, Tri-nitrocellulose. 

CisUt404  (NOs  «, Uexa-nitrocellulose,  explosive  gun  cotton. 


CHAPTER    XXXIII. 

MIXTUKBS. 

FLUID  MIXTURES. 

These  consist  of  transparent,  or  opaque  fluids,  resulting  from 
the  mixing  of  various  liquids,  or  liquids  and  solids. 


LINIMENTA. 

Liniments,  according  to  the  Pharmacopoeia,  are  solutions  or 
mixtures  of  various  medicinal  substances  with  alcohol  or  oleag- 
inous fluids,  intended  for  external  application. 

When  dispensed,  they  should  always  be  properly  labeled  as 
Liniments,  or  for  "External  Use." 

The  U.  S.  Pharmacopoeia  recognizes  9  Liniments. 


TtOe, 

LlNIMENTUM 

AmmoDisB, 

( Volaiiie  Linitnenf^, 

BelladoDDse, 

Calcis  (Carron  Oil),  .   . 

Camphone, 

Chloroformi, 

Saponis, 

Saponis  MoUis,   .   .   .   . 

Binapis  Compositnm,    . 


TerebinthinsB,     .   .   .   . 


LINIMENTA,  U.  S.  P. 

ConttUuentt, 

Ammonia  Water,  350  Cc. ; 
Alcohol,  50  Cc ;  Cotton  Seed 
Oil,  600  Cc. 

Camphor,  50  Gm. ;  FIM.  Ext. 
Belladonna,  to  make  1000  Cc. 

Solution  Lime ;  Linseed  Oil, 
eqnal  parts. 

Camphor,  200  Gm.;  Cotton 
Seed  Oil,  800  Gm. 

Chloroform,  300  Cc.;  Soap 
Liniment,  700  Cc 

Soap  (powdi),  70  Gm.;  Cam 
phor,  45  Gm. ;  Oil  Rosemary, 
10  Cc;    Alcohol,   750  Cc; 
Water,  to  make  1000  Cc 

Soft  Soap,  660  Gm. ;  Oil  Lav- 
ender Flowers,  20  Cc ;  Alco- 
hol, 300  Cc;  Water,  to 
make  1000  Cc 

Vol.  Oil  Mustard,  30  Cc;  Fl. 
Ext.  Mezeream,  200  Cc; 
Camphor,  60  Gm.;  Castor 
Oil,  150  Cc;  Alcohol,  to 
make  1000  Cc. 

Resin  Cerate,  6.50  Gm.;  Oil 
Turpentine,  350  Gm. 


Base, 


Cotton  Seed  Oil. 


Frd.  Ext.  Belladonna. 
Linseed  Oil. 
Cotton  Seed  Oil. 
Soap  Liniment. 
Diluted  Alcohol. 


Diluted  Alcohol. 


Alcohol. 


Oil  of  Turpentine. 


203 


294 


HANDBOOK  OF  PHARMACY. 


Mixtures,  as  here  understood,  are  a  class  of  aqueous  prepara- 
tions which  contain  solid,  insoluble  substances,  in  such  a  con- 
dition of  subdivision,  that,  upon  agitation,  the  particles  remain 
for  some  time  in  a  state  of  suspension.  In  three  instances  the 
Pharmacopoeia  directs  the  intervention  of  gum  arabic  or  sugar 
for  the  purpose  of  assisting  suspension.  As  exception  to  the 
above  definition,  due  to  the  indiscriminate  use  of  the  term,  we 
have  two  solutions  included  under  this  class,  viz.,  Mistura 
Glvcyrrhizae  Composita  and  Mistura  Rhei  et  Sodae. 

I'his  class  of  preparations  should  not  be  kept  on  hand  any 
great  length  of  time,  since  they  are  prpne  to  ferment. 

The  U.  S.  Pharmacopoeia  recognizes  4  Mixtures. 


Mistura  Crete,   .   .   .   , 
\Ch«ak  Mixtmrt\ 


MISTUR.E,  U.  S.  P. 

OmtHtweni*, 

Oomp.  Chalk  Pbwder,  200  Gm.:   Antacid, 
Cinnamon   Water,   400  Oc; 
Water,    snffictent    to   make 
1000  Cc. 


Dote. 
15  Cc 


«« 


Fern  Composita, 


30-eOCc 


GlyryrrliixBe  Com- 
|io«ita«  .... 
\Br9ttn  JfufarrV 


Ferrous    Sulphate,    6  6m.  :   Tonic, 
Myrrh,   18  6m. ;  Sugar,   18 . 
Gm.;  Potassium  Du-bonate.  i 
8  Gm. :  Spirits  Lavender,  60 
CV.;    Rose  Water,  sulfident 
to  make  1000  Cc. 


Elxt.  Liquorice,  pure,  30  Gm. :  Expectorant,  5-30  Oc 
Syrtip,  50  Cc.  ;  Mucib^se 
Acada.  100  O,;  Gtuupbor- 
ated  Tr.  Opium,  12l>  Ce.; 
Wine  of  Antimony.  t50  Op.: 
Spirits  of  Nitrons  Ether,  3U 
CV. :  Water,  suflident  to  make 
1000  Ct, 


Rhei  et  S 


Sodium  Oirbonate,  35  Gm.: 
Fid.  Ext.  RhuharH,  15  Cc,: 
Fid.  Ext.  Ipecac,  3 Or,:  Gly- 
t't'rin,  3»  C^*. :  Spirit  ot' 
Peppermint,  »i5  O*. :  Water. 
su^cient  to  make  UM>  Cc. 


Canuinati^,     2-4  Oc 
L:ixatiTe,  15-60  Cc 
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EMULSA,  OR  EMULSIONES-(i;^«Zirio7M). 

Emulsions  are  artificial  mixtures  of  a  milky  appearance,  which 
consist  of  oils,  fats  or  resinous  substances  suspended  in  water  by 
the  intervention  of  some  viscid,  or  mucilaginous  substance. 

The  object  sought  is  to  break  up  the  substance  which  is  to  be 
emulsified,  into  as  minute  particles  as  possible,  enveloping  each 
of  these  in  a  coat  of  the  emulsifying  agent,  which  tends  to  pre- 
vent them  from  reuniting. 

Natural  Milk,  which  consists  of  minute  globules  of  fat  (butter) 
suspended  in  water  by  means  of  the  casein  present,  may  be 
regarded  as  a  sample  of  a  perfect  emulsion.  The  more  closely 
an  artificial  emulsion  can '  be  made  to  resemble  milk,  the  more 
permanent  will  be  the  product.  An  emulsion  is  perfect  when  the 
oil  globules  are  invisible  to  the  naked  eye.  The  completeness  of 
emulsification  may  be  judged  by  placing  a  sample  on  a  slide  under 
the  lens  of  a  microscope,  and  comparing  the  size  and  uniformity 
of  the  oil  globules  of  the  emulsion  with  those  contained  in  a 
sample  of  milk. 

Emulsions  may  be  divided  into  three  classes — the  Natural 
Emulsions,  the  Gum-Resin  and  Seed  Emulsions,  and  the  Oil  or 
Artificial  Emulsions. 

1st.  Natural  Emulsions  are  such  as  exist  ready  formed  in  nature, 
such  as  milk,  yolk  of  egg,  certain  plant  juices,  etc. 

2d.  Gum-Resin  and  Seed  Emulsions. — Such  gum  Vesins  as  am- 
moniac, asafoetida,  and  myrrh,  when  triturated  with  water,  form 
emulsions  in  which  the  resinous  and  oily  constituents  are  sus- 
pended by  means  of  the  gummy  matter  present.  In  preparing 
these  emulsions  (Emulsa,  U.  S.  P.),  the  powdered  gum-resins 
should  never  be  employed,  since  the  process  of  drying  and 
powdering  not  only  destroys  the  volatile  constituents,  but  also  the 
emulsifying  properties  of  the  gum.  Selected  tears  of  the  gum 
resins  should  be  reduced  to  a  coarse  powder  and  then  triturated 
with  a  small  quantity  of  water,  until  a  smooth  paste  is  obtained, 
then  the  balance  of  water  added,  and  the  mixture  finally  strained. 
Under  this  class,  the  Pharmacopoeia  recognizes  two,  viz.:  Emul- 
sum  Ammoniac!  and  Emulsum  Asafoetidae. 

On  triturating  such  seeds  or  fruits  as  the  poppy,  hemp  or 
almonds  with  water,  an  emulsion  is  obtained  in  which  the  oiljr 
matter  present  is  suspended  (emulsified)  by  means  of  the  albumi- 
nous and  gummy  matter.  Under  this  class  the  Pharmacopoeia 
recognizes  Emulsum  Amygdalae,  in  which  acacia  and  sugar  are 
added  to  enhance  the  permanency  of  the  preparation. 

3d.  Oil  or  Artificial  Emulsions, — There  are  a  great  many  differ- 
ent agents  and  methods  by  which  we  can  produce  artificial 
emulsions ;  most  general  among  these,  are  the  two  methods 
known  as  the  Continental  and  English. 


296  HANDBOOK  OF  PHARMACY, 

1st.  The  Continental  Method. 

This  method  depends  on  the  formation  of  a  nucleus  obtained  by 
a^tating  or  triturating  together  certain  quantities,  by  weiglU,  of 
on,  gum  and  water.  This  so-called  nucleus  being  once  prepared, 
it  may  be  diluted  with  water,  in  all  proportions,  without  any 
danger  of  subsequent  separation. 

This  method  never  fails  to  produce  a  model  emulsion,  if  the 
proper  proportions  (by  weight)  of  oil,  gum,  and  water  be  observed. 

The  German  Pharmacopoeia  directs  the  following  proportions : 
oil,  2  parts ;  pulverized  acacia,*  1  part ;  water,t  1}  parts,  for  such 
oils  as  are  difficult  to  emulsionize,  like  the  class  ot  volatile  oils. 
For  the  class  of  fatty  oils  (cod-liver  oil,  castor  oil,  etc.),  the  propor- 
tion of  acacia  to  oil  may  be  reduced  to  1  part  of  gum  to  4  parts 
of  oil.  The  operation  may  be  carried  out  m  three  different  ways, 
the  first  being  the  most  generally  employed. 

(a).  The  2  parts  (or  4)  of  oil  are  stirred  with  the  1  part  of  powd. 
acacia  in  a  dry  mortar,  then  the  1^  parts  of  water,  are  adaed  at 
once,  the  whole  being  rapidly  stirred  with  the  pestle  until  a  thick, 
creamy  emulsion  results,  which  is  then  dilutee!  as  desired.  After 
some  experience,  this  operation  may  be  carried  out  in  a  bottle, 
which  must,  however,  be  thoroughly  dry  before  the  acacia  is 
introduced.  The  chief  mistake  committed  by  beginners  is  that 
they  permit  the  acacia  and  oil  to  remain  too  long  in  contact, 
whereby  the  gum  becomes  a  hard  mass,  which  afterward  dissolves 
only  with  great  difficulty.  The  two  should  be  stirred  or  shaken 
together  sufficiently  long  enough  to  thoroughly  coat  each  particle 
of  gum  with  a  layer  of  oil,  after  which  the  water  should  be 
immediately  added. 

(6).  The  1  part  of  pulv.  acacia  is  triturated  with  1}  parts  of 
water  until  a  uniform  paste  results,  then  the  2  parts  (or  4)  of  oil 
are  added  at  once  and  triturated  rapidly  until  a  thick,  creamy 
emulsion  nucleus  results. 

(c).  In  a  mortar  place  1  part  of  powdered  acacia ;  in  a  fiask 
shake  a  mixture  of  2  parts  (or  4)  of  oil  and  1 1  of  water,  and  pour 
this  over  the  gum,  stirring  rapidly  until  emulsified. 

This  nucleus  should,  when  properly  prepared,  present  a  uniform, 
creamy  appearance ;  a  pearly,  translucent  ap{)earance  assumed 
by  the  mixture  indicates  that  an  insufficient  amount  of  water  or 
gum  is  present,  and  that  globules  of  uncombined  oil  are  floating 
about.  If  this  is  not  quickly  remedied,  the  emulsion  will  "  crack, 
that  is,  the  oil  will  separate  from  the  aqueous  fluid. 

2d.  The  English  JlethocL — This  method  is  applied  generally  to 
uncertain  combinations,  and  must  be  followed  carefully  to  insure 


•CoarselT  powd*wd  (rmmilatcdi  ancU  should  alvmjs  be  ^rtierred  for  makinf  cmabkHW, 
Kvaune,  of  it5  readr  $^>ltiluiitT.  and  wh«o  tritarated  with  oii  or  vaier.  il  b  doI  liable  to 
fo.m  '  liiiup«"  like  (ho  liutf  |M>Wder;  th«  latter  is  alM  c^ieii  to  the  objection  that  it  i$oftefli  fottod 
adulterate  iu  the  luarkol. 

t  That  is,  as  much  iu  veicht  a«  one-haif  of  the  sum  of  the  weitrht  of  oil  and  gum 
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success.  A  thick,  smooth  mucilage  of  gum  and  water  is  first 
prepared  in  a  mortar,  and  to  this  are  added  the  oil  and  water, 
alternately,  in  small  portions  at  a  time,  under  rapid  stirring,  so  as 
to  break  up  the  oil  into  globules,  which  are  immediately  enveloped 
by  the  viscid  solution. 

Care  should  be  taken  in  the  early  stage  of  the  process  to  add 
the  oil  and  water  very  cautiously,  until  a  thick,  creamy  emulsion 
is  obtained ;  afterward  they  may  be  added  more  rapidly.  A  fresh 
portion  of  oil  should  never  be  added  until  the  former  has  been 
thoroughly  emulsionized. 

It  often  happens,  from  too  great  haste  in  adding  the  first  por- 
tions of  oil  and  water,  or  by  reason  of  the  mucilage  not  being 
thick  enough,  that  the  emulsion  "  cracks ; "  when  this  is  the  case, 
a  fresh  portion  of  thick  mucilage  of  acacia  should  be  taken  and 
the  mixture  re-emulsionized  in  this  by  thorough  trituration  after 
each  addition. 

As  an  example  of  this  method  of  emulsionizing,  the  following 
formula  is  selected : — 

R.    Copaihse, ^-^.T? 

Pulv.  Acacis, giij 

Aqnce, q.  8.  ad.  f  J  \j. 

Place  the  Acacia  (granulated)  in  a  mortar  and  triturate  with 
two  drachms  of  water,  until  a  perfectly  smooth,  thick  paste 
results;  then  add  under  constant,  rapid  stirring,  alternately,  first 
a  little  of  the  copaiba,  then  a  little  water,  continuing  thus  until 
all  of  the  balsam  has  been  thoroughly  emulsified,  after  which 
the  balance  of  the  water  may  be  added. 

In  the  preparing  of  an  emulsion,  such  as  usually  prescribed  by 
physicians,  the  various  ingredients  should  be  mixed  in  the  follow- 
ing order:  first,  the  emulsion  nucleus  of  the  oil  is  prepared; 
then  the  flavoring  is  added,  if  it  be  an  oil ;  and  this  is  followed 
by  the  syrup  and  the  greater  portion  of  the  diluent.  Should 
there  be  any  salts,  solid  extracts,  etc.,  to  be  combined,  they  are 
dissolved  in  a  little  of  the  reserved  diluent  and  added  last  with 
agitation.  Should  there  be  small  amounts  of  alcoholic  liquids 
or  acid  solutions  to  be  added,  they  should  be  diluted  with  a 
portion  of  the  diluent,  and  added  last,  in  small  portions,  the 
mixture  being  well  agitated  after  each  addition. 

OTHER  EMULSIFYING  AGENTS. 

Among  the  many  proposed,  the  following  are  the  most 
important : — 

Tragacanth  forms  an  excellent  emulsifying  agent,  a  much  less 
quantity  of  it  being  required  than  of  acacia,  while  it  yields,  at  the 
same  time,  a  more  prominent  emulsion.  For  emulsifying  the 
fatty  oils,  a  smooth  paste*  composed  of  1  part  of  tragacanth  and 

*  Best  made  by  placing  1  part  of  pulverized  tragacanth  in  a  graduate,  thoroughly  moistening 
ivith  the  same  amount  or  alcohol,  then  adding  the  boiling  water  under  constant  agitation. 
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20  parts  of  water  is  made,  and  to  this  is  added  at  once,  with  rapid 
stirring,  20  parts  of  the  oil  to  be  emulsified,  and  10  parts  of 
water.  For  volatile  oils  (oil  of  turpentine,  cubebs,  etc.),  the  fol- 
lowing procedure  may  be  followed :  Oil,  8  parts;  powdered  traga- 
canth,  1  part,  and  water  15  parts.  To  the  oil,  contained  in  a  dry 
bottle  or  mortar,  add  the  tragacanth  and  shake  or  stir  well,  then 
add  the  water  (15  parts),  and  agitate  vigorously.  This  may  be 
followed  by  the  syrup  and  remaining  diluents,  added  gradually 
in  portions,  the  mixture  being  agitated  after  each  addition. 

Yolk  of  Bigg. — This  being  a  perfect  natural  emulsion,  forms  an 
excellent  nucleus,  yielding  a  permanent  combination.  The  albu- 
men of  the  egg  should  be  entirely  removed  (as  its  presence  is  apt 
to  give  rise  to  failure),  the  yolk  is  placed  in  a  mortar  and  ren- 
dered perfectly  smooth  by  trituration,  then,  with  a  rapid  circular 
motion  of  the  pestle,  the  oil  is  added  by  degrees;  should  it  become 
too  thick,  a  little  water  may  be  added,  which  is  then  to  be  fol- 
lowed by  the  syrup  and  the  other  constituents. 

The  emulsifying  power  of  one  fair-sized  egg  is  equivalent  to 
about  10  grammes  of  gum  arable  or  1.25  grammes  of  tragacanth. 

The  National  Formulary  has  the  following  formula : — 

God-liver  Oil, 8  fl.  ozs.  (other  fatty  oils  may  be 

substituted  in  place  of  this). 
Glycerite  of  Yolk  of  Egg,     ...    2J  fl.  ozs. 

Syrup  of  Tolu, 2    fl.  ozs. 

Flavoring,      (a  sufficient  quantity). 

Water,  enough  to  make 16  fl.  ozs. 

"Triturate  the  glyconin  in  a  mortar  with  the  oil  added  in 
small  portions  at  a  time,  and  thoroughly  incorporate  each  portion 
before  adding  the  next.  Then,  continuing  the  trituration,  gradu- 
ally add  the  syrup  of  tolu  and  flavoring.  Finally,  add  enough 
water  to  make  16  fluidounces." 

Dilute  acids  or  acid  salts  or  glycerin  may  be  added  to  these 
emulsions  without  danger  of  causing  them  to  "crack." 

Irish  Mo88, — For  emulsifying  oils,  this  is  superior  to  acaciar, 
because  a  subsequent  separation  of  the  emulsion  does  not  take 
place.  It  also  retains  resinous  bodies  longer  and  more  effectually 
in  suspension.  On  the  other  hand  it  does  not  eff*ect  as  fine  a 
subdivision  of  the  oil  as  is  the  case  with  acacia.  In  using  Irish 
Moss  it  is  necessary  first  to  prepare  a  clear  smooth  mucilage.  For 
this  purpose  1  part  of  Irish  Moss  is  washed  in  cold  water  to 
remove  the  adhering  impurities  and  saline  matter,  then  placed 
in  a  capsule  or  beaker  and  40  parts  of  water  added,  then  heated 
on  a  boiling  water-bath  for  at  least  15  minutes,  under  frequent 
stirring.  The  resulting  mucilage*  is  then  strained  through  wetted 
muslin,  and  enough  water  passed  through  the  strainer  to  make 

•  Should  the  mucilage  be  of  a  dark-brown  color,  it  may  be  readily  bleached  by  adding  a  few  cubic 
centimeters  of  Rulphurous  acid,  agitating,  then  placing'iu  a  capsule  and  heating  on  a  water-bath 
until  the  odor  of  the  acid  has  entirely  dlsappearecL 
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the  product  weigh  40  parts.  Five  parts  of  this  mucilage  are  suflS- 
cient  to  emulsiohize  8  parts  of  oil  (fixed).  To  the  mucilage  con- 
tained in  a  bottle,  add  the  oil  in  portions,  agitating  thoroughly 
after  each  addition ;  follow  this  up  by  the  syrup,  flavoring,  and 
water  as  may  be  necessary. 

These  emulsions  are  very  prone  to  fermentation ;  hence,  when 
it  is  necessary  to  preserve  them  for  any  greater  length  of  time,  it 
is  well  to  introduce  about  1  part  of  alcohol  (substituting  this  for 
the  same  volume  of  water)  into  each  16  parts  of  emulsion. 

The  mucilage  of  Irish  Moss  may  be  better  preserved  by  pour- 
ing it  while  hot  into  bottles,  which  are  filled  to  the  neck,  then 
adding  a  thin  layer  of  olive  or  cotton-seed  oil,  and  securely 
sealing  and  preserving  in  a  cool  place. 

Quillaja  Bark. — This  contains  a  principle  (called  saponin), 
which  possesses  powerful  emulsifying  properties,  but,  owing  to  the 
large  amount  necessary  and  its  expectorant  properties,  it  should 
not  be  employed  unless  by  consent  of  the  physician.  For  pre- 
paring emulsions,  it  is  employed  in  the  form  of  a  tincture,  which 
may  be  made,  according  to  the  U.  S.  Pharmacopoeia,  by  boiling 
200  Gm.  of  the  bark,  in  fine  chips,  with  800  Cc.  of  water,  washing 
the  residue,  boiling  the  whole  liquid  down  to  600  Cc,  then  strain- 
ing, adding  350  Cc.  of  alcohol,  filtering,  and  adding  enough  water 
to  the  filtrate  to  make  it  measure  1000  Cc.  One  part  of  the  tinc- 
ture is  suflicient  to  emulsionize  8  parts  of  fixed  oil  (cod-liver  oil, 
castor  oil,  etc.).  Volatile  oils  (oil  of  turpentine,  cubebs,  etc.) 
require  their  own  measure  of  the  tincture. 

The  valuable  feature  of  Quillaja  as  an  emulsionizing  agent  lies 
in  the  fact  that  it  is  utterly  indifferent  to  all  substances  tending 
to  destroy  gum  emulsions. 

Extract  of  Malt. — This  forms  a  valuable  emulsifying  agent  for 
cod-liver  oil,  for  which  purpose  it  is  admirably  adapted  thera- 
peutically. An  extract  of  malt  should  emulsifv  its  own  weight 
of  cod-liver  oil.  The  oil  should  be  gradually  added  to  the  extract 
of  malt  under  constant  stirring. 

CoMirh  (Saccharated). — In  the  prototype  of  a  perfect  natural 
emulsion,  milk,  we  find  that  the  fat  (butter)  is  held  in  suspension 
by  the  casein  of  the  milk.  The  idea  of  the  employment  of  this 
casein  occurred  to  M.  L^ger,  of  Paris,  who  proposed  a  process*  for 
its  separation  and  use.  He  directs  that  such  substances  as  resins, 
balsams,  oleoresins,  etc.,  should  be  first  dissolved  in  a  small 
amount  of  alcohol.  Then  for  a  100  Cc.  mixture,  about  8.5  Gm.  of 
saccharated  casein,  dissolved  in  an  equal  weight  of  water,  is  added. 


*  L6ger*s  process  is  briefly  as  follows :  To  4  liters  of  milk  add  60  Cc.  of  ammonia  water  ^Ph.  Fr., 
20  per  cent.),  shake  well,  and  set  aside  for  twenty-four  hours.  It  will  then  have  separated  into  two 
layeni,  the  semi-Haponified  fat  above,  and  the  lacto-serum  below.  Draw  off  the  lower  layer,  precipi- 
tate the  casein  by  acetic  acid,  collect  the  nia^ma  on  a  strainer,  and  express  the  liouid.  Remove  the 
oayein  from  the'strainer,  mix  it  with  10  (ira.  of  sodium  bicarbonate  by  thorougn  trituration,  and 
finally  add  enough  sugar  to  obtain  a  powder  containing,  when  dry,  about  10  per  cent,  of  its  weight 
of  casein. 
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the  mixture  thorou|;hly  shaken,  after  which  the  remaining  con- 
stituents are  added  in  their  proper  order  with  continual  shaking. 
For  emulsifying  the  oils  the  manipulations  are  the  same  as  with 
acacia. 

It  is  claimed  for  this  emulsifying  agent  that  it  yields  perfect 
and  stable  emulsions,  which  are  very  palatable  and  easily 
tolerated  by  the  most  delicate  stomach,  which  cannot  be  said  of 
gum-arabic  emulsions. 

Pancreatine  a  mixture  of  natural  ferments,  forms  an  excellent 
emulsifying  agent  when  employed  in  an  alkaline  medium  (as 
sodium  bicarbonate).  The  emulsions  obtained  by  means  of  it  are 
rarely  permanent,  but  are  often  preferred,  because  of  their  easy 
assimilation,  for  the  administration  of  such  fats  as  cod-liver  oil  to 
consumptives.  Pancreatin  is  often  added  to  emulsions  to  assist 
the  thorough  emulsification  of  the  fats  or  oils.  It  should  be 
mixed  with  an  equal  bulk  of  sodium  bicarbonate  and  dissolved 
in  a  small  quantity  of  water ;  to  this  is  then  added  the  oil  or 
emulsion  gradually,  the  mixture  being  well  shaken  after  each 
addition. 

Gelatin  has  been  proposed  (patented)  for  emulsifying  paraffin 
oils.  The  patent  directs  that  in  12  parts  of  a  solution  of  gelatin 
(4  ounces  to  the  gallon  of  water),  1  part  of  phosphate  or  carbonate 
of  sodium  or  potassium  is  to  be  dissolved.  This  mixture  is  capable 
of  emulsifying  from  24  to  36  parts  of  animal  or  vegetable  oils. 
For  emulsifying  mineral  oils,  the  alkali  is  replaced  by  soft  soap. 


EMULSIFICATION  OP  SPECIAL  DRUGS. 

'  Salol  is  melted  in  a  warm  mortar  and  emulsified  with  powdered 
acacia,  according  to  the  continental  method,  warm  water  being 
employed.  On  standing,  it  separates  as  a  fine  powder,  which  is 
easily  reincorporated  by  agitation. 

Jouisse's  formula  is  as  follows:  Salol  and  pulverized  acacia, 
each,  4  Gm.,  tragacanth  0.2  Gm.,  tincture  of  tolu  10  Gm.,  syrup 
30  Gm.,  water,  sufficient  quantity.  The  tincture  of  tolu  is  added 
to  the  water,  the  mixture  strained,  and  the  emulsion  made  as 
above  directed. 

Resins  or  Resinous  Substances  (Guaiac,  Jalap,  Turpentine,  etc.) 
should,  if  possible,  be  reduced  to  a  powder  and  rubbed  with  one- 
half  their  weight  of  pulverized  acacia,  with  gradual  addition  of 
water;  or  they  may  be  dissolved  in  a  little  alcohol  and  emulsified 
with  yolk  of  egg,  mucilage  of  chondrus  (Irish  moss),  or  traga- 
canth. 

Camphor  should  be  first  pulverized  by  the  aid  of  a  little  alcohol 
or  ether,  then  mixed  with  ten  times  its  weight  of  gum  arabic  or 
with  yolk  of  egg. 
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Waxes  (Spermaceti,  Cacao  Butter,  etc.)  are  emulsified  like  the 
fixed  oils,  the  fat  being  first  melted,  then  poured  into  a  hot  mor- 
tar (the  pestle  being  also  heated).  An  equal  weight  of  pulverized 
acacia  is  added  and  the  whole  thoroughly  triturated,  then  hot 
water  (li  times  as  much  as  there  is  of  fat)  is  gradually  added 
under  constant  stirriDg.  .  ^       « 

Lycopodium,  or  Lupulin, — These  are  rubbed  in  a  mortar  with 
a  little  water  until  a  crumbly  mass  is  obtained,  then  triturated 
with  an  equal  weight  of  acacia,  and  the  water  gradually  added 
with  trituration. 

Balsam  Peru, — ^This  may  be  emulsionized  with  yolk  of  egg  or 
acacia.  Of  the  latter,  a  quantity  is  taken  equal  in  weight  to  the 
amount  of  balsam  used. 

NOTES. 

*  Pressure  should  not  be  used  in  preparing  emulsions — it  is  the 
triturating  (agitating)  motion  that  is  desired.  The  motion  should 
be  rapid  and  light.     Over-manipulation  often  causes  "  cracking.'^ 

A  rather  deep  mortar  with  shallow  bottom  should  be  selected 
for  this  purpose. 

Emulsions  of  fixed  oils  should  be  made  with  the  mortar  and 
pestle,  while  volatile  oils  are  best  emulsified  by  agitation  in  a  flask 
or  bottle. 

When  small  amounts  of  oils  (croton,  cubebs,  etc.)  or  volatile 
fluids  (chloroform,  etc.)  are  to  be  emulsified,  it  is  best  to  mix  them 
first  with  a  little  olive  or  almond  oil,  which  assists  in  the  suspen- 
sion and  imparts  a  creamy  finish  to  the  emulsion. 

Alkalies  (solution  of  potassa,  solution  of  lime,  borax,  etc.)  favor 
the  emulsification  of  fixed  oils,  but  they  should  never  be  used, 
since  a  combination  with  the  fat-acids  takes  place  with  the  forma- 
tion of  soap,  resulting  in  the  impairment  of  the  therapeutic 
prm^erties  of  the  oil. 

The  addition  of  acids,  acid  solutions,  acid  salts,  glycerin,  alcohol, 
or  alcoholic  liquids,  generally  destroys  gum  emulsions,  chiefly 
owing  to  the  gum  being  thrown  out  of  solution.  The  addition 
of  glycerin,  alcohol,  or  large  amounts  of  salts  act  physically  in 
abstracting  water,  thereby  rendering  the  emulsionizmg  agent  less 
viscid.  The  addition  of  borax  or  tincture  of  iron  will  cause  an 
acacia  emulsion  to  become  gelatinous  on  standing.  When  any 
of  the  above  incompatibles  are  ordered  in  small  quantity  in  an 
emulsion,  they  should  be  added  last,  in  diluted  condition,  and  in 
small  portions  at  a  time,  the  whole  being  shaken  after  each 
addition.  When  the  amount  ordered  is  large  enough  to  destroy 
a  gum  emulsion,  recourse  may  be  had  to  yolk  of  egg,  Irish  moss 
mucilage,  or  tincture  of  quillaja. 
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The  Pharmacopoeia  recognizes  4  emulsions : 


Emalsum 
Ammoniaci, 

Emulsam 
AoafcBtidsB, 

Emnlsam 
Amygdalffi, 


Emulsuxn 
Chloroformiy 


{ 
{ 


1 


EMULSA,  U.  S.  P. 


OnatUuenU, 

Ammoniac,  40  Gm. 

Water,  a  safficient  quan- 
tity to  make  1000  Cc. 

Asafoetida,  40  Gm. 

Water,  a  sufficient  qnan- 
tity  to  make  1000  Cc. 

Sweet  Almond,  60  Gm. 

Acacia  p.,  10  Gm. 

Sugar,  30  Gro. 

Water,  a  sufficient  quan- 
tity to  make  1000  Cc. 

Chloroform,  40  Cc. 

Expressed    Oil    of    Al- 
mond, 60  Cc. 

Tragacanth,  Powdered, 
15  Gm. 

Water,  a  sufficient  quan- 
tity to  make  1000  Cc. 


Clots. 

\  Gam-r«.in 
I  Emulsion. 

}  Gum-resin 
Emulsion. 


Seed 


ProperHu,  Dote. 

Expectorant,        15-30  Cc. 

Antispasmodic,    15-30  Cc. 


■  J^nlsion     I^«™°lcent,        60-200  Cc. 


1-  Emulsion.  '  ^^^7^^^ 


15-20  Cc 


CHAPTER    XXXIY. 

SOLIDS. 

I.  FOR  INTERNAL  USB. 
VVLVERES—iPowdenl 

Substances  which  are  in  a  finely  subdivided  condition  are  known 
as  powders.  Of  these  we  recognize  different  degrees  of  fineness; 
but  the  official  powders  are  of  the  finest  degree  of  subdivision. 

According  to  the  use  for  which  they  are  intended  they  may  be 
divided  into  two  classes: — 

1st.  Those  for  External  Use.  2d.  Those  for  Internal  Use.  Such 
powders  as  are  intended  for  external  use,  as  for  dusting*  over  in- 
jured or  inflamed  surfaces,  or  for  insufflation  in  the  treatment  of 
throat  affections,  or  for  blowing  into  the  ear  or  nostrils,  should  not 
be  mixed  by  trituration,  as  this  renders  them  too  compact,  depriv- 
ing them  of  their  necessary  lightness.  When  more  than  one 
constituent  enters  into  such  a  powder,  they  should,  if  possible,  be 
separately  reduced  to  a  verv  fine  powder,  then  sifted  and  mixed 
with  a  spatula.     Such  powders  should  be  dispensed  in  dry  vials. 

Powders  intended  for  internal  use  may  be  mixed  or  triturated 
in  a  mortar,  as  lightness  is  not  the  essential  feature  demanded. 

Compound  powders,  whether  they  contain  potent  drugs  or  not, 
should  be  thoroughly  and  uniformly  mixed,  for  the  value  of  the 
constituents,  and  frequently  the  life  of  the  patient,  depends  on 
this  precaution.  When  such  substances  as  extracts,  oils,  liquids 
or  hvgroscopic  salts,  such  as  potassium  acetate  or  citrate,  are  to  be 
combined  into  a  powder,  these  should  be  first  triturated  with  some 
dry,  absorbent  powder,  then  combined  with  the  balance  of  the 
ingredients.  Powders  which  contain  hygroscopic  substances 
should  not  be  kept  in  stock,  and  when  dispensed  should  be 
enclosed  in  waxed  paper  (paraffin  paper). 

Powders  containing  volatile  substances,  such  as  camphor,  am- 
monium carbonate,  etc.,  should  likewise  be  dispensed  in  waxed 
paper. 

In  some  instances  a  chemical  reactionf  is  liable  to  take  place, 
for  instance,  in  mixtures  containing  potassium  chlorate  or  hypo- 
phosphite,  and  organic  substances,  such  as  tannic  acid,  sulphur, 
etc.  In  such  cases  the  powders,  separately  dried,  should  be 
cautiously  mixed  on  smooth  paper  by  the  aid  of  a  horn  or  wooden 
spatula  without  friction.     In  other  instances,  certain  chemicals, 

•  Examples : — 

A.  Lyoopodii 90.0       1^.  Bismuth!  SabcarbonatiB, 0.008 

Acidi  Salicylici 1.0  Pulv.  Catechu 0.005 

Rhizomatis  Iridia, 9.0  Morphinn  Sulphatis, 0.004 

3.  lodoformi, 10.0 

Cumarinl, 0.05 

t  See  iDcompatlbles, 
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Seidlits  Powder 
Meaisure. 


Fio.  331. 


when  triturated  together,  liquefy.*  These  should  be  pulverized 
separately  and  then  mixed  wUliout  pressure  and  dispensed  in  waxed 
papers;  many  of  these  combinations  cannot  be  aispensed  at  all 
without  liquefaction ;  hence  the  several  ingredients  should  be  dis- 
pensed separately, 

Dividing. — It  is  the  habit  of  many  pharmacists  to  divide  all 

powders  by  hand,  collecting  the  powder  and  flattening  it  out  to  a 
Fig  330  rectangular  shape,  then  dividing  into  the  necessary 
number  of  equal  portions  by  means  of  a  spatula.  This 
habit  of  guesswork  should  not  be  permitted,  particu- 
larly if  the  powder  contains  a  potent  drug.  In  all  cases, 
where  the  powder  contains  an  adive  drug,  each  portion 
should  be  weiglied.  In  those  instances  in  which  the 
powder  is  of  a  harmless  nature,  accuracy  of  division 
may  be  assisted  by  mechanical  devices. 

Fig.  330  illustrates  a  cup-shaped  device,  made  of 
hard  wood,  which  is  intended  for  measuring  out  certain 
quantities  of  powders.    It  is  particularly  adapted  for 
measuring  Seidlitz  mixture. 
A  very  convenient  device  is  shown  in  Fig.  331.    This  consists 

of  a  trough  nine  inches  long,  one  inch  wide,  and  three-eighths  inch 

deep,  closed  at  one  end,  and  graduated  inside. 

This,  together  with  the  leveler  and  spatula,  is 

made  of  brass  and  nickel-plated,  the  spatula 

having  an  ebonized  wood  handle.     The  powder 

is  placed  in  the  graduated  trough,  and  the  rubber 

plug  placed  opposite  the  graduation  denoting  the 

number  of  powders  into  which  the  prescription 

is  to  be  divided.    The  powder  is  then  leveled  in 

the  trough  by  means  of  the  leveler,  after  which 

the  plug  is  removed,  and  by  use  of  the  spatula 

in  connection  with  the  graduation  marks,  the 

powder  is  accurately  divided  into  the  necessary 

number  of  parts,  each  of  which  is  then  removed 

through  the  open  end  of  the  trough. 

The    paper    selected   for  wrapping  powders 

should  be  of  good  quality,  with  a  well-calendered 

or  glazed  surface.     After  the  required  number 

of  powder-papers  have  been  laid  out  in  rows, 

they  should  be  creased  by  folding  down  a  narrow 

margin  along  one  of  the  longer  sides;  then  after 

the  powder  has  been  distributed  upon  the  several 

papers,  the  edge  is  folded  over  so  as  to  correspond      ^^^__^ 

exactly  to  the  line  of  the  crease ;  the  folded  edge^j^^^^p^^^^j^,^,^^^ 

is  then  picked  up  and  turned  back  toward  the 

operator  to  such  an  extent,  that  a  package  of  a  definite  and  uniform 


5PATl.tL-' 


*  For  example :— Chloral  and  Camphor, 

Acetate  of  Lead  and  zinc  Sulphate, 

Antipyrin  with  Chloral,  Napnthol,  Plperazln,  Sodium  Salicjlate,  etc. 
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width  results.  Then  the  ends  of  the  powder  are  folded  over  by 
means  of  a  spatula,  the  length  being  regulated  to  suit  the  size 
of  the  box  in  which  they  are  to  be  placed.  In  order  to  secure 
uniformity  in  length,  the  powder-folder  may  be  employed  (Figs. 
332-4).  This  is  usually  constructed  so  that  various  lengths  may 
be  accurately  adjusted. 

Nauseous  powders  are  often  administered  in  wafei-a.  These 
consist  of  thin  brittle  sheets  (square  or  circular  pieces),  made  by 
pouring  a  mixture  of  flour  and  water  on  hot  plates.  When  used, 
one  of  these  is  first  dipped  into  cold  water  to  render  it  limp.  It 
is  then  quicklj'  laid  upon  a  tablespoon  ;  the  powder  is  emptied 
into  the  center,  then  the  edges  are  folded  over  so  as  to  enclose  it 
securely  on  al!  sides,  water  is  then  poured  into  the  spoon  and  the 
whole  is  swallowed  without  the  least  difficulty. 

An  improvement  on  this  is  the  "  cachet."  These  are  concave 
discs  of  wafer,  made  by  dampening  and  pressing  wafer-paper 
(small  discs}  between  warm  moulds.  The  powder  isplaced  inside, 
then  an  empty  disc,  with  its  edges  moistened,  is  placed  over  it 
and  sealed  by  sufficient  pressure.  These  are  dipped  into  cold 
water,  and  swallowed  with  a  draught  of  cold  water. 


FlOB.  332,  333,  334. 


Various  forms  of  elaborate  apparatus  have  been  devised  for 
sealing  these.  Among  the  simpler  ones  is  the  apparatus  shown  in 
Fig.  335,  The  nickel-plated  mould  (a)  is  so  constructed  as  to 
hold  any  size  of  cachet.  One  of  the  halves  is  placed  in  the 
mould,  then  over  the  top  is  placed  the  "  filler  "  (b)  to  ensure  the 
even  filling  of  the  cachet  without  spilling  any  of  the  powder  over 
the  edges.  Then  by  means  of  the  holder  (c)  the  empty  half  is 
picked  up,  moistened  on  a  piece  of  wet  felt,  and,  by  pressing, 
joined  to  the  lower  half;  an  automatic  spring  enables  the  opera- 
tor to  loosen  the  sealed  cachet. 

Fig.  336  illustrates  another  form  in  which  the  cachets  are 
pressed  into  the  circular  spaces  of  plates  a  and  ji,  then  plate  c  is 
folded  over  on  to  plate  b,  and,  by  means  of  a  short  funnel,  the 
powders  are  rapidly  deposited  in  the  center  of  the  lower  cachets, 
and  if  necessary,  pressed  down  and  made  compact  by  means  of  a 
plunger.  When  filled,  plate  c  is  removed  from  plate  b,  then  a 
damping  roller  is  passed  over  plate  A,  the  edges  of  the  covers 
being  moistened ;  this  is  now  closed  over  b  with  slight  pressure, 
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which  seals  the  cachets,  leaving  them  adhering  to  the  plate  A, 
when  opened. 
A  very  convenient  substitute  for  the  wafers  is  the  Japanese 


Appanuu  for  Filling  uid  Sealing  Cubed  (Chapentw). 


Usego  paper.    This  is  thin  and  strong,  the  powder  is  laid  in  the 
center  of  a  small  disc,  the  ends  are  gathered  and  twisted  so  as  to 


Cuhet  Filling  lod  Sallng  Appinlui  (Kou>mI). 

form  a  small  cylindrical  package,  which  is  then  dipped  in  water 
and  swallowed.    The  paper  is  digested  with  the  medicine. 
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GELATIN  CAPSULES. 


The  gelatin  capsule  affords  a  convenient  method  of  administer- 
ing nauseous  powders  and  liquids. 

Capsules  are    designated  as  Fia.  337. 

hard  and  aqfl. 

They  are  made  by  dipping 
smooth  olive -shaped  moulds 
into  a  hot  solution  of  gelatin,* 
allowing  the  coating  to  set  and 
then  removing.  The  moulds 
consist  of  olive -shaped  solid 
heads(c)  of  polished  bone,  ivory, 
or  metal,  fixed  upon  rods  (6)  of 
wood,orraetal,  which  are  placed 
upright  in  perforations  in  a  slab 
of  wood  (Fig.  337),  in  the  back 
of  which  a  handle  is  fixed. 
The  moulds  (olives)  with  the  c«™ie  mouWi. 

neck  of  the  supporting  rod  are 

slightlv  oiled  by  means  of  a  piece  of  cloth,  secured  in  the  base, 
then  the  frame  is  grasped  by  the  handle,  and  the  tips  immersed 
a  few  seconds  in  the  gelatin  solution,  which  is  kept  at  a  uniform 
temperature  (about  40°  C).  On  removing  the  moulds,  the  excess  of 
solution  is  allowed  to  run  otf,  then  the  moulds  are  rotated  so  as  to 
distribute  the  film  evenly  on  all  sides;  as  soon  as  the  mass  has 
set  sufficiently,  they  are  put  aside  until  cold  and  firm  enough  for 
removal,  A  knife  is  passed  round  the  shank  of  the  mould,  close 
to  the  bulb,  so  as  to  separate  that  portion  adhering  to  the  handle. 
Then,  by  grasping  the  capsule  lightly  between  two  fingers  it  is 
gently  remov^,  and  placed  in  supports  (d)  for  drying. 

The  soft  capsules  are  filled  by  means  of  a  syringe  with  a  long- 
pointed  tip,  or  by  means  of  a  pipette.  Care  must  be  taken  that 
no  fluid  of  an  oily  nature  be  allowed  to  drop  on  the  upper  edge 
of  the  capsule.  Then  by  means  of  a  camel  s-hair  brush,  or  glass 
rod,  the  open  end  of  the  capsule  is  sealed  over  with  a  portion  of 
the  melted  composition.  These  soft  gelatin  capsules  are  useful 
for  the  administration  of  such  liquids  as  Terebene,  Oil  of  Tur- 
pentine, Creosote,  Apiol,  etc.;  they  are  made  of  various  shapes, 
as  ovoid,  globular — fiattened,  round.  The  small,  round  (hard) 
capsules  are  known  as  gelatin  "  pearls." 

Elastic,  or  soft,  empty  capsulesf  can  be  obtained  in  the  market, 
being  ovoid  in  shape,  elastic,  and  filled  with  air.    They  are  placed 

JTord  Oapivlti.  Sqfl  Cnpiula. 

*  GeUtin, 6  pu. 20  pu. 

Aacli, I  pU Gljcerid, 10  pU. 

r.  Suiwr 1  Pt- 8  pti 

W.tBT  s  ptlL, 4S  pU. 

lott  add  the  gum  sod  augar,  uid  heal  tn  >  a»«r«d  tcikI  od  ■ 

>.,  Detroit,  Mlchlgu. 
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on  a  stick  perforated  with  holes,  the  elongated  tops  removed  with 
a  scissors,  then  filled  with  a  pipette,  or  syringe,  and  sealed. 

The  empty,  hard  gelatin  capsules,  Fig.  340,  are  of  cylindrical 
shape,  their  capacity  being  indicated  by  various  numbers.    They 
should  be  filled  with  the  powder  in  dry  condition 
and  not  in  mass  form.     They  may  be  filled  by 

f  rasping  the  longer  half  between  the  fingers,  and 
y  pressing  downward  with  a  slight  rotary  motion 
over  the  powder;  for  this  purpose  the  powder 


9 


Capaula  (Eiupt)'). 

a  should  be  heaped ;  after  the  capsules  are  filled, 

the  tops  are  sHa  over  as  far  as  possible. 
%l"'<^i«^       Care  should  be  taken  to  keep  the  fingers  dry 
and  clean,  and  after  filling,  to  carefully  wipe  any 
adhering  powder  from  the  surface  of  the  capsule. 

It  is,  however,  preferable  to  employ 
the  capsule   filler,  which  is  far  more  ^'°-  ^*^- 

cleanly  and  accurate. 

There  are  several  forms  of  these  in 
the  market,  among  which  the  following 
may  be  recommended  for  their  sim- 
plicity : — 

The  Davenport  Capmile  Filler,  Fig. 
341,  consists  of  a  funnel  of  light  metal 
(plated)  with  a  very  wide  rim,  flattened 
on  one  side,  the  tube  of  which  is  short 
and  of  a  size  adapted  to  fit  the  size  of  Dannpori  c^pnie  fuiw. 
capsule  for  which  it  is  intended.    A 

plunger  is  provided  for  the  purpose  of  forcing  the  powder  com- 
pactly into  the  capsule. 
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The  Raymond  Capsule  Filler,  Fig.  342,  consists  of  two  blocks  of 
bard  wood,  in  the  lower  oae  of  which  sockets  are  bored  sufficiently 


RiTnwnd  Cnjiaule  Filler. 

Fia.  343. 


deep  to  accommodate  the  capsules  to  one-half  of  their  length.    The 
upper  block  is  pierced  with  corresponding  funnel-shaped  holes ; 
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this,  when  placed  over  the  lower  block,  encloses  the  capsules 
securely.  Tne  powders  are  emptied  into  the  funnel-shaped  aper- 
tures and  forced  down  by  means  of  a  wooden  plunger.  The 
upper  block  is  then  removed  and  the  tops  of  the  capsules  slid 
over  the  filled,  lower  portions. 

The  Acnie  Capsule  Filler^  Fig.  343,  consists  of  a  block  of  wood, 
with  perforations  for  holding  a  dozen  capsules.  This  block  slides 
back  and  forward  in  a  metallic  case,  on  one  end  of  whose  upper 
side  is  placed  a  funnel,  through  which,  by  means  of  a  plunger, 
the  powder  is  readily  introduced  into  the  capsules. 

The  U.  S.  Pharmacopoeia  recognizes  9  compound  powders. 


nue. 

PULVIS 

AntimonialLs,      .   .   .   . 


Aromaticofl, 


Creto  Compoeittis,     . 

EfTervescens  Gompositna 
(Seidlitz  Powder),     . 


Glycyrrhizfls  Gompositns, 


Ipecacuanhas    et   Opii 
(Dover's  Powder),     . 


Jalapffi  (}ompo8itafl,  .   . 

MorphinsB     Compositns 
(Tally's  Powder),  .   . 


Rhei  Compositos,  .   .    . 


PULVERES,  U.  S.  P. 

Chntiiiuentf. 

Antimony  Oxide,  33  Gm. 

Ppt.  Calcium  Phosph.,  67  Gm. 

P.  Cinnamon,  35  Gm. ;  P. 
Ginger,  35  Gm. ;  P.  Carda- 
mom, 15  Gm.;  P.  Nutmeg, 
15  Gm. 

Prep.  Chalk,  30  Gm. ;  Acacia, 
20  Gm. ;  Sugar,  50  Gm. 

Sodium  Bicarb.,  31  Gm.;  Ro- 
chelle Salt,  93  Gm.;  Tartaric 
Acid,  27  Gm. 

P.  Senna,  180  Gm. ;  P.  Liquor- 
ice, 236  Gm. ;  Washed  Sul- 
phur, 80  Gm.;  Oil  Fennel, 
4  Gm. ;  Sugar,  500  Gm. 

P.  Ipecac,  10  Gm. ;  P.  Opium, 
10  Gm. ;  Sugar  of  Milk,  80 
Gm. 

P.  Jalap,  35  Gm.;  Potass. 
Bitart,65  Gm. 

Morphia  Sulphate,  1  Gm. ;  P. 
Camphor,  19  Gm.;  P.  Li- 
quorice, 20  Gm.;  Ppt.  Calc 
Carb.,  20  Gm. 

P.  Rhubarb,  25  Gm.;  Magne- 
sia, 65  Gm.;  P.  Ginger,  10 
Gm. 


Proptrtin.        Do$e, 

Diaphoretic, 

Emetic,  0.2-0.5Gm. 
Aromatic 


Chalk  Mixture. 

Laxative. 

Laxative,  2-8  Gm. 


Diaphoretic,  0.3-1  Gm. 


Cathartic,         1-4  Gm. 


Diaphoretic, 

0.3-0.9  Gm. 


Laxative,  Antacid, 

0.3-12  Gm. 


TRITUR  ATIONES-<  Triturations). 

These  are  a  class  of  powders  which  contain  active  substances 
in  a  minute  state  of  subdivision,  obtained  by  trituration  with 
sugar  of  milk.  By  means  of  these  we  can  accurately  regulate 
the  doses  of  powerful  substances. 

In  the  preparation  of  these  powders  it  is  advisable  to  employ 
the  sugar  of  milk  in  small  crystals  or  coarse  powder,  so  that 
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during  the  process  of  trituration,  which  is  necessary  to  bring  it  to 
a  fine  powder,  the  medicinal  ingredient  may  at  the  same  time 
receive  thorough  and  uniform  subdivision. 

The  following  general  formula  is  given  by  the  U.  S.  Pharma- 
copoeia : — 

"  Unless  otherwise  directed,  Triturations  are  to  be  prepared  by 
the  following  formula : — 

Take  of 

The  Siibstanoe,  ten  grammes^ 10  Gm. 

Sugar  of  Milk,  in  moderately  fine  powder,  ninety  grammes    .    90  Gm. 

To  make  one  hundred  grammes^  .   .  100  Gm. 

Weigh  the  substance  and  the  sugar  of  milk  separately ;  then 
place  the  substance,  previously  reduced,  if  necessary,  to  a  moder- 
ately fine  powder,  in  a  mortar;  add  about  an  equal  measure  of 
sugar  of  milk,  mix  well  by  means  of  a  spatula,  and  triturate  them 
thoroughly  together.  Then  add  fresh  portions  of  the  sugar  of 
milk,  from  time  to  time,  until  the  whole  is  added,  and  continue 
the  trituration  until  the  substance  is  intimately  mixed  with  the 
sugar  of  milk  and  reduced  to  a  fine  powder. 

TRITURATIO  ELATERINI  (Trituration  of  Elaierin). 

Elaterin,  ten  grammes, 10  Gm. 

Sugar  of  Milk,  in  moderately  fine  powder,  ninety  grammes,   .    90  Gm. 

To  make  one  hundred  grammes,  .   .  100  Gm. 
Mix  them  thoroughly  by  trituration." 

EL.EOS ACCH AK A— OLEOS ACCH ARA  (N.  R )— ( Oleosaccharates). 

Oleosaccharates,  or  oil-sugars  consist  of  sugar  flavored  with 
volatile  oil  or  some  other  volatile  aromatic  substance. 

The  German  Pharmacopoeia  directs  that  1  gramme  of  volatile 
oil  be  added  to  50  grammes  of  sugar  in  moderately  fine  powder, 
and  the  mixture  thoroughly  triturated.  In  France,  oleosac- 
charates are  made  double  this  strength.  The  oleosaccharate  of 
vanilla  is  prepared  from  1  part  of  finely  cut  vanilla  and  9  parts 
of  crystallized  sugar  (rock  candy),  triturated  until  a  fine  powder 
results ;  in  place  of  the  vanilla  bean,  a  mixture  of  vanillin  and 
cumarin  is  often  employed. 

Under  the  title  of  Oleosacchara,  the  National  Formulary  directs 
the  following  general  formula: 

Volatile  Oil, 1  drop. 

Sagar, 30  grains. 

Triturate  the  sugar  with  the. volatile  oil  to  a  fine  powder. 

The  oleosaccharates  are  intended  as  a  pleasant  aromatic  vehicle 
for  ad  m  inistering  medicinal  substances  in  powder  form.  Those  pre- 
pared from  volatile  oils  should  be  freshly  made  when  wantea  for 
use.  Only  the  best  quality*  of  fresh  volatile  oil  should  be  employed. 

*  Old  reBinifled  oils  import  a  bitter,  anpleasant  tute,  u  well  as  terebinthinate  odor,  to  the  sugar. 
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MASSES  RESULTING  FROM  ADMIXTURE  OF  POWDERS  WITH  FLUIDS. 

CONFECTIONES-(  CmfectuyM), 

Confediona  (conficio  =  to  make  up)  are  soft  masses  resulting 
from  the  admixture  of  one  or  more  medicinal  substances  with 
sugar.  They  are  usually  prepared  by  incorporating  the  drug  or 
drugs  in  paste  or  powder  form  with  some  saccharine  li(][uid. 

This  is  a  very  ancient  method  of  administering  medicines,  but 
it  has  almost  gone  out  of  use  at  present. 

The  Conserve  (conservo  =  to  keep)  differs  from  the  above  in  that 
sugar  is  added  to  the  fresh  drug  beaten  to  a  pulp,  in  sufficient 
quantity  to  form  a  soft  mass ;  the  sugar  serving  as  a  preservative 
agent  as  well  as  a  vehicle. 

The  Electuary'^  is  a  mixture  of  powders  with  pulps,  syrup,  or 
honey.  It  is  of  a  softer  consistence  than  the  confections  as  under- 
stood by  the  Pharmacopoeia.  But  it  should  not  be  too  soft,  so  as 
to  deposit  the  ingredients  on  standing. 

Confections,  when  they  have  become  hard  from  drying  out, 
may  be  restored  to  a  pulpy  condition  by  working  them  over  with 
a  little  glycerin.  The  U.  S.  Pharmacopoeia  recognizes  Confectio 
Rosse,  which  is  employed  as  a  vehicle  for  massing  pills  and 
administering  other  remedies,  and  Confectio  Sennse,  which  is 
employed  as  a  cathartic. 


Confectio  Ross. 


Red  Rose,  powdered, 80  Gm. 

Sugar,  powdered,      640    '* 

Clarified  Honey. 120    " 

^  Stronger  Rose  Water, 160  Cc. 


Confectio  Sennie. 


'  Senna,  powdered, 100  Gm 

Cassia  Fistula, 160  '' 

Tamarind, 100  ** 

Prune, 70  *' 

Fig, 120  ** 

Sugar, 555  '* 

,  Oil  of  Coriander, 5 


t( 


Water,  sufficient  to  make  1000  Gm. 


MASS^ 

The  U.  S.  Pharmacopoeia  recognizes  three  pill  masses.    They 
are  permanent  preparations  and  are  conveniently  kept  in  stock. 

(  Copaiba, 94  Gm. 

Massa  Copaibs.    i  Magnesia,        6    ** 

(Dose  0.5  to  2  Gm.)     (  Water,  a  sufficient  quantity. 

On  mixing  copaiba  with  magnesia  it  gradually  loses  its  fluidity, 

*  HaviDR  as  base,  honejr  or  sjrup,  pulp  of  prunes  or  tamarinds.    The  German  Pharmacopoeia 
directs  the  following  proportions  to  be  observed  :— 

For  1  ptart  or  powd.  drug, 8  to  5  p.  of  Honey  or  Syrup. 

♦'1        ♦•         "        "  4  to  6  p.  Prune  or  Tamarind  Pulp. 

"    1        "      diflScultly  soluble  salt, .  .  .  1  p.  of  Syrup. 

"    I        "  "  ••"...  2  p.  of  Pulp. 
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and  finally  becomes  hard  and  brittle.  This  is  due  to  the  chemical 
combination  of  the  magnesia  with  the  copaibic  acid  (hard  resin). 
The  length  of  time  rec[uired  for  this  combination  to  take  place 
varies  with  the  condition  of  the  copaiba.  For  this  combination 
of  the  copaibic  acid  and  magnesia  it  is  essential  that  a  certain 
amount  of  water  be  present.  As  there  is  rarely  sufficient  in  the 
magnesia,  it  is  generally  added. 


Maasa  Ferri  Carbonatis 

(Val  let's  Mass). 
(Doae  0.2  to  0.6  Gm.) 


Ferrona  Salphate, 100  6m. 

Sodiam  Carbouate, lUO    ** 

Clarified  Honey, 38    " 

Sugar, 25    " 

Syrup  and  Water,  of  each,  

sufficient  to  make  1000  Gm. 


Syrup  is  added  to  the  ferrous  sulphate  solution  and  the  wash 
water,  to  protect  the  ferrous  salt  against  the  absorption  of  oxygen. 
Boiling  distilled  water  is  employed  to  avoid  the  oxidizing  action 
of  the  air,  which  is  contamed  in  the  unboiled  water.  The 
reaction  which  takes  place  between  the  ferrous  sulphate  and 
sodium  carbonate,  results  in  the  formation  of  the  greenish-gray 
colored  ferrous  carbonate  (FeCOa).  This  readily  undergoes  oxida- 
tion ;  hence  it  is  necessary  to  carry  on  the  washing  as  rapidly  as 
possible,  and  to  protect  the  ferrous  carbonate  by  employing  boiled 
water  and  syrup.  The  product  is  finally  made  into  a  mass  with 
honey  and  sugar.  This  contains  42  per  cent,  of  Ferrous  Carbon- 
ate, and  is  probably  the  most  efficient  form  for  the  administration 
of  iron. 

Mercury, 33  Gm. 

Glycyrrhiza,  powdered, 6    ** 

Althaea,  powdered, 25    '* 

Glycerin,     3    " 

,  Honey  of  Rose,      34    " 

100  Gm. 


Massa  Hydrargyn 

(Blue  Mass  or  Pill). 
(Dose:  0.2  to  0.5  Gm.) 


This  contains  one-third  of  its  weight  of  mercury.  The  mass 
can  be  prepared  on  a  small  scale  by  the  pharmacist,  but  care  must 
be  taken  that  the  extinguishment  of  the  mercury  is  carried  on 
until  the  globules  are  no  longer  visible  through  a  lens  mag- 
nifying at  least  ten  diameters.  Among  the  various  agents  that 
may  be  employed  for  the  extinguishment  of  the  mercury  in  this 
instance,  the  Confection  of  Rose  is  one  of  the  best,  as  it  is  not 
only  effective,  but  also  protects  the  mercury  quite  well  from  oxida- 
tion. However,  upon  long  standing,  both  mercurous  and  mer- 
curic oxide  are  apt  to  form,  owing  to  the  slow  oxidation  of  the 
finely  subdivided  mercury.  As  these  are  toxic  when  present  in 
any  quantity,  it  is  necessary  that  the  sample  be  tested  for  their 
presence  as  directed  by  the  Pharmacopoeia. 
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TROCHISCI— ( Trodim). 
TABELLjE— PASTILLI. 
Troches  (lozengea)  are  round  or  oval,  solid,  flattened  masses, 
consisting  of  mediciual  substances  combined  with  sugar  and 

mucilage. 

They  represent  a  convenient  form  of  administering  such 
remedies  as  are  intended  to  act  by  continual  application,  through 
slow  disintegration,  on  the  throat.  Troches  generally  vary  m 
weightfrom  one-half  to  one  gramme.  According  to  their  method 
of  preparation,  they  may  be  divided  into  two  classes. 

1st.  Ttwse  rnade  by  compremon.  In  this  case  the  medicinal 
constituents  are  mixed  with  powdered  sugar,  then  moistened  with 
some  kind  of  mucilage,  granulated  and  compressed  into  tablet 
form,  as  described  under  compressed  tablets  (page  835). 


2d.  Those  made  by  moulding.  A  mass  is  prepared,  and  after 
rolling  it  out  to  the  desired  thickness,  the  lozenges  are  cut  out  by 
means  of  moulds,  or  the  mass  is  made  into  pills  and  reduced  to 
the  desired  size  and  shape  by  compression. 

In  preparing  a  mass,  the  one  or  more  medicinal  constituents, 
in  a  finely  powdered  condition,  are  thoroughly  mixed  with  a  finely 
powdered  diluent  (sugar),*  then  made  into  a  mass  by  the  careful 
addition  of  mucilage  of  tragacanth.  In  some  instances  the  Phar- 
macopceia  directs  the  use  of  powdered  tragacanth,  and  that  the 
mass  be  made  up  by  the  addition  of  water.  Great  care  must  be 
exercised  when  proceeding  by  the  latter  method,  to  add  the  water 
cautiously,  while  the  mass  is  being  thoroughly  worked,  otherwise 
it  is  likely  to  become  too  soft  for  moulding. 
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The  manufiacturer  employs  machinery  for  kneading  the  masses, 
while  the  apothecary  relies  upon  the  mortar  and  pesUe.  For  this 
purpose  the  pill-pestle,  as  shown  in  Fig.  351,  is  best  adapted. 
After  the  mass  has  been  prepared,  which  should  be  of  a  consist- 
ence slightly  softer  than  that  of  a  pill-mass,  it  is  rolled  out  upon 
a  lozenge-board  (Fig.  345),  the  thickness  of  the  mass  being  made 
uniform,  and  regulated  by  a  frame  along  the  sides  of  the  board 
upon  which  the  ends  of  the  roller  rest.  The  surface  of  the  mass 
is  dusted  with  a  mixture  of  powdered  sugar  and  starch,  and  then 
divided  into  lozenges  by  means  of  a  punch.  These  punches  are 
made  of  various  sizes  and  shapes,  to  suit  the  taste  of  the  operator. 
They  may  consist  of  a  hollow  cylinder  of  tin  or  steel,  or  more 
elaborately  constructed,  as  shown  in  the  form  illustrated  in  Fig. 
346.  This  consists  of  a  hollow  cylinder,  inside  of  which,  by 
means  of  the  handle,  g  i,  the  plunger,  d,  is  operated ;  the  screw,  a, 


ttalllog  out  Mua  [or  Trocbsi. 

regulates  the  distance  to  which  the  plunger  may  recede,  thereby 
controlling  the  thickness  of  the  lozenge.  This  plunger,  d,  may 
consist  of  a  die  which  stamps  a  letter  or  design  on  the  lozenge  in 
the  operation  of  cutting ;  on  pressing  the  arm,  ff,  at  i,  the  rod  at  d 
is  forced  downward  and  discharges  the  lozenge. 

After  being  moulded  or  cut,  the  lozenges  are  placed  on  trays  and 
allowed  to  dry  in  a  moderately  heated  drying  room. 

In  the  absence  of  a  lozenge  punch,  the  mass  may  be  rolled  out 
into  a  cylinder,  cut  and  formed  into  pills,  which,  when  pressed 
with  a  spatula,  may  be  made  to  yield  a  lozenge  of  any  desired 
thickness,  the  edges  of  which  may  be  rounded  by  rotating 
between  the  blades  of  two  spatulas.    Should  the  edges  of  a 


316  HANDBOOK  OF  PHARMACF. 

lozenge,  thus  made,  become  ragged  or  crack,  this  generally 
indicates  that  the  mass  is  too  dry.  It  should  then  be  returned 
to  the  mort^  and  worked  over  with  the  addition  of  a  little 
tragacanth  mucilage. 

Aside  from  sugar  and  tragacanth,  extract  of  liquorice  is  often 
employed  as  a  base.    This  can  be  medicated  as  desired,  and  owing 


TrochT  Ciiller. 

to  its  plasticity,  can  be  readily  formed  into  a  variety  of  shapes,  as 
shown  in  Figs.  347, 348.  When  the  mass  is  rolled  out  into  a  thin 
cylindrical  rod  (3  to  4  Mm.  diameter)  and  cut  into  pieces  of  about 
10  to  12  Mm.  in  length,  these  little  cylinders  are  designated 
"  bacilli"  or  "atkklets." 

Fio.  M?.  Fig-  Ma 


The  following  mixture  may  also  be  employed  as  a  base ;  1  part 
of  chocolate  (grated),  2  parts  of  powdered  sugar,  and  0.05  parts 
(for  30  Gm.  of  mass  0.5  Gm.)  of  powdered  tragacanth. 

Currant  paste  is  also  employed  as  a  basis  for  this  purpose. 
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The  U.  S.  Pharmacopoeia  recognizes  15  formulas  for  troches. 


TUie, 

Teochisci 
Acidi  Tanniciy    .... 


Ammonii  Chloridi,    .   . 


Catechn, 


Crete, 


Cubebce, 


Ferri, 


Gljcjrrhizie  et  Opii, 


Ipecacoanhae, 


Krameriffi, 


Menthffi  Piperite,  .   .   . 


Morphinse,  et  Ipecacn- 
anhae, 


Potaasii  Chloratis, .    .   . 


O09utUuentt—100  IVoches. 

Tannic  Acid,  6  Gm. ;  Sugar, 
powd.,  65  Gm. ;  Tragacanth, 
powd.,  2  Gm.  ;  Stronger 
Orange  Flower  Water,  a 
sufficient  quantity. 

Ammonium  Chloride,  10  Gm. 
Extract  of  Liquorice,  25  Gm. 
Tnigacanth,  powd.,  2Gm. 
Sugar,  powd.,  50  Gm. ;  Syrup 
of  Tolu,a  sufficient  quantity. 

Catechu,  6  Gm. ;  Sugar,  powd., 
65  Gm. ;  Tragacanth,  2  Gm. ; 
Stronger  Orange  Flower 
Water,  a  sufficient  quantity. 

Prepared  Chalk,  25  Gm. ;  Aca- 
cia, 7  Gm. ;  Spirit  of  Nut- 
meg. 3  Cc;  Sugar,  powd., 
40  Gm. ;  Water,  a  sufficient 
quantity. 

Oleoresin  of  Cubeh,  4  Gm.; 
Oil  of  Sassafras,  1  Cc. ;  Ex 
tract  of  Liquorice,  25  Gm. ; 
Acacia,  powd.,  12 Gm.;  Syr- 
up of  Tolu,  a  sufficient 
quantity. 

Ferric  Hydrate,  30  Gm. ;  Van- 
illa, cut,  1  Gm.;  Sugar, 
powd.,  100  Gm.;  Mucilage 
of  Tragacanth,  a  sufficient 
quantity. 

Extract  of  Liquorice,  15  Gm. 
Powd.  Opium,  0.5  Gm. 
Acacia,  powd.,  12  Gm. 
Sugar,  powd.,  20  Gm. 
Oil  of  Anise,  0.2  Cc. ;  Water, 
a  sufficient  quantity. 

Ipecac.,  powd.,  2  Gm.;  Traga- 
canth, powd.,  2  Gm. ;  Sugar, 
powd., 65  Gm. ;  Syrup  of  Or- 
ange, a  sufficient  quantity. 

Extract  of  Krameria,  6  Gm. ; 
Sugar,  powd.,  65 Gm. ;  Trag- 
acanth, powd.,  2  Gm. ; 
Stronger  Orange  Flower 
Water,  a  sufficient  quantity. 

Oil  of  Peppermint,  1  Cc. ;  Su- 
gar, powd.,  80  Gm.;  Mucil- 
age of  Tragacanth,  a  suffi- 
cient quantity. 

Morphine  Sulphate,  0.16  Gm. 
Ipecac,  powd.,  0.5  Gm. 
Sugar,  powd.,  65.00  Gm. 
Oil  of  Winteigreen,  0.2  Cc. 
Mucilage  of  Tragacanth,  a 
sufficient  quantity. 

Potassium  Chlorate.  30  Gm. 
Sugar,  powd.,  120  Gm. 
Tragacanth,  powd.,  6  Gm. 
Spirit  of  Lemon,  1  Cc. 
Water,  a  sufficient  quantity. 


Active  QmUituenif  to  each 
troche. 

Tannic  Acid,  0.06  Gm. 


Ammonium    Chloride, 
0.1  Gm. 


Catechu,  0.06  Gm. 


Prepared    Chalk,    0.25 
Gm. 


Oleoresin   Cuheh,  0.04 
Gm. 


Ferric  Hydrate,  0. 3  Gm. 


P.  Opium,  0.005  Gm. 


P.  Ipecac,  0.02  Gm 


Ex  t  Krameria,  0. 06  Gm. 


Oil  of  Peppermint,  0.01 
Cc. 


Morphine  Sulphate, 
0.0016  Gm.;  P.  Ipe- 
cac, 0.005  Gm. 


Potassium  Chlorate,  0.3 
Gm. 
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TUU. 


Santonini, 


Sodii  Bicarbonatis,    .   . 


Zingiberifl, 


QmstUueiUM—lOO  Troches, 

Santoniu,  3  Gm.;  Sagar, 
powd.,  110  Gm.;  Traga- 
canth,  powd.,  3  Gm., 
Stronger  Orange  Flower 
Water,  a  safficient  qnantity 

Sodiam  Bicarbonate,  20  Gm. 
Sagar,    powd.,  60   Gm. 
Nutmeg,   bruised,   1    Gm. 
Mucilage    of    Tragacanth, 
a  sufficient  qnantity. 

Tinct.  Ginger,  20  Co.;  Traga- 
cantb,  powd.,  4  Gm. ;  Sugar, 
powd.,  130  Gm.;  Syrup  of 
Ginger,  a  sufficient  quan- 
tity. 


Active  Qnutitmeni,  lo  each 
Irodhc. 

Santonin,  0.03  Gm. 


Sodium  Bicarbonate, 0.2 
Gm. 


Tincture  of  Ginger,  0.02 
Cc. 


PILUL.E-<B%). 

Pills  are  spherical  or  elongated  masses  of  medicinal  substances 
of  such  a  size  as  to  be  convenient  for  swallowing.  The  pill  forms 
a  very  convenient  method  of  administering  such  substances  as 
are  characterized  by  an  unpleasant  odor  or  taste. 

The  weight*  of  pills  varies  from  0.1  to  0.3  Gm.  for  vegetable 
powders,  and  up  to  0.6  Gm.  for  inorganic  combinations;  a  pill 
which  is  much  larger  than  this  is  known  as  a  bolus. 

Very  small  coated  pills  are  called  granules. 

A  pill-mass  should  be  sufficiently  plastic  to  admit  moulding, 
and  yet  sufficiently  firm  to  enable  the  pills,  when  moulded,  to 
retain  their  shape. 

To  be  successful  in  the  preparation  of  pill-masses,  a  knowledge 
of  the  nature  of  the  substances  to  be  combined  is  necessary,  for, 
with  systematic  procedure,  the  most  intractable  substances  can  be 
managed. 

Pills  should  not  be  made  too  firm  or  hard,  which  would  render 
them  insoluble  in  the  stomach,  causing  thereby  nausea  and 
irritation. 

The  pill-mass  consists  essentially  of  two  parts,  viz.,  the  adive 
ingredients,  whether  solid  or  liquid,  and  the  excipient,  which  im- 
parts the  proper  degree  of  consistence  and  tenacity. 

Some  substances  are  of  such  a  plastic  nature  as  to  render  the 
addition  of  an  excipient  unnecessary,  as,  for  instance,  the  soft 
extracts ;  others,  like  gum-resins  or  resins,  when  dry,  possess  no 
adhesiveness,  yet  acquire  this  prroperty  on  addition  of  a  little  sol- 
vent, such  as  alcohol ;  such  powders  as  extract  of  liquorice  or 
some  of  the  powdered  extracts  only  require  the  addition  of  water 
to  impart  adhesiveness;  thus,  in  many  instances  we  develop,  and 
do  not  impart  adhesiveness. 

When  the  solid  (as  camphor,  inorganic  salts,  etc.)  does  not 


*  Tlie  size,  as  compared  to  the  weight  of  plUs,  varies  according  to  the  nature  of  the  sahstance,  some 
being  very  light  and  bulky,  while  others  are  heavy  and  compBct. 
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possess  adhesiveness,  we  impart  it  by  the  addition  of  an  excipient 
which  has  these  qualities. 

Such  substances  as  are  in  a  fluid  or  semi-fluid  condition 
should  be  incorporated  with  inert  and  absorbent  powders,  as 
liquorice  root  or  powdered  marshmallow ;  if  the  amount  of  fluid 
be  such  as  to  render  the  pill  too  large,  it  should  be  first  evapor- 
ated until  the  residue  has  the  consistence  of  a  soft  extract 

Pills  containing  deliquescent  substances  should  be  coated  im- 
mediately after  their  preparation. 

Inorganic  salts  which  contain  water  of  crystallization  should 
be  first  dried  before  being  combined  into  a  pill-mass. 

Powders,  when  non-adhesive,  should  be  combined  with  a  soft 
extract  or  some  adhesive  excipient;  the  indiscriminate  use  of 
large  quantities  of  powdered  acacia  or  tragacanth  is  to  be  con- 
demned, since  they  render  pills  very  hard  and  quite  insoluble. 
When  used  as  excipient  they  should  be  combined  with  a  little 
glycerin. 

Active  or  potent  substances,  such  as  corrosive  sublimate,  arsen- 
ous  acid,  alkaloids,  etc.,  which  are  administered  in  very  small 
doses,  should  be  intimately  mixed  with  some  inert  powder  (sugar 
of  milk,  etc.)  by  trituration,  then  incorporated  into  a  mass. 

Care  should  be  taken  not  to  combine  substances  which  react 
with  one  another,  as,  for  instance,  acid  salts  and  carbonates,  silver 
salts  or  permanganates  with  organic  matter,  etc. 

The  hands  and  all  utensils  employed  should  be  kept  scrupu- 
lously clean. 

The  first  precaution  in  making  up  the  pill-mass  is  to  observe 
that  all  constituents  have  been  reduced  to  a  very  fine  powder  and 
thoroughly  mixed.  Then,  if  an  excipient  is  necessary,  one  should 
be  selectea  which  will  least  increase  the  size  of  the  pill,  and  only 
enough  added  to  yield  a  uniform  and  plastic  mass. 

Under  all  circumstances  the  mass  should  be  thoroughly  worked, 
so  as  to  secure  a  perfect  and  uniform  distribution  of  the  medicinal 
constituents.  When  the  operator  is  uncertain  as  to  the  amount 
of  excipient  necessary,  it  is  best  to  proceed  by  adding  small 
quantities  at  a  time  until  the  desired  degree  of  plasticity  is  ob- 
tained, the  mass  being  rapidly  triturated  with  pressure,  the 
particles  of  powder  that  adhere  to  the  sides  of  the  mortar  and 
pestle  being  detached  by  means  of  a  spatula. 

The  difficulty  with  beginners  is,  that  in  their  haste  to  obtain  a 
mass,  they  usually  add  too  much  excipient,  causing  the  mass  to 
become  soft  and  pasty.  To  remedy  this,  some  absorbent  powder 
is  generally  added,  frequently  with  the  result  of  increasing  the 
size  of  the  pill  to  that  of  a  bolus.  Particular  precaution  should 
be  observed  not  to  add  an  excess  of  water  to  pill-masses  containing 
soap. 

For  the  preparation  of  a  pill-mass  a  deep  wedgwood  or  porce- 
lain mortar,  of  a  form  similar  to  that  shown  in  Fig.  349,  is  prefer- 
ably selected.    Because  of  their  lightness,  and  the  firm  grasp 
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afforded,  pestles  having  a  wooden  handle  are  preferred.  Fig.  351 
illustrates  a  form  specially  adapted  for  this  purpose. 

After  the  mass  has  been  formed,  it  should  be  given  a  cylindrical 
shape  with  the  hands,  then  placed  on  a  pill  tile,*  (Fig.  350),  and 
by  means  of  the  roller  (Fig.  352),  which  la  a  piece  of  Jiard  wood 
with  a  smooth  surface  provided  with  a  handle,  or  by  means  of  a 
broad-bladed  spatula  (rig.  353),  it  is  rolled  out  into  a  long  cylinder 
of  the  necessary  length ;  then  by  means  of  a  spatula  it  is  divided 
into  the  desired  number  of  parts. 

Many  operators  prefer  to  roll  and  divide  the  mass  on  the  pill 
machine  (Fig.  354).    This  consists  of  two  pieces  of  hard  wood ; 


Pill  Boiler  (HnlMul  Tlao). 


the  lower  board  (a)  is  encased  with  metal  strips  to  prevent  warp- 
ing, and  to  protect  the  raised  edges  from  wear;  on  the  upper  end 
Is  a  hemigpherically-grooved  brass  plate.  Corresponding  to  this 
is  a  similar  plate  on  the  upper  board  (6),  at  either  end  of  which 
are  fastened  orass  guides,  so  that  thecutting  edges  of  the  grooved 
brass  plates  may  accurately  correspond  in  position.  This  upper 
board  is  provided  with  handles  for  operating. 

•ThnsFODiiitof  ilitnoonipawd  orouMmwu*,  porodilii  arglut,  on  imealdeor  irhlcb  1  grmdu- 

Ihe  nirhd»,  which  p^nniu  tbe  Tirioua  lubiUDna  lo  pepclnile,  naitTiat  >'  uner  ■  lime  iinHt  br 
dir-peniing  nurpoMa.  liiau  Is  open  lo  Ibe  oUectlon  IbM  In  UM  Iba  *urlk<s  besoms  rougb  uiil 
•crUcfaed.    PorceliiD  uiwen  Itae  beaL 

t  Mule  bf  Mcnn.  WblUU,  TMiiin  A  Co.,  Mew  York. 
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Tlie  pill-cylinder,  as  soon  as  formed,  is  laid  across  the  grooves 
of  the  lower  board  ;  then  the  upper  board,  by  means  of  the  guides, 
is  brought  upon  the  surface  of  the  mass  with  a  slight  downward 
pressure,  and  with  a  backward  and  forward  movement  the  pill- 
cylinder  is  divided  into  the  desired  number  of  pills. 


To  facilitate  the  formation  of  the  cylinders,  in  the  manufacture 
of  large  quantities  of  pills,  the  pill  (or  plaster^  press  of  Liebau 
(Fig.  355)  may  be  employed.  The  pill-mass  is  placed  in  the  cylin- 
drical hopper  (i),  wnich  is  provided  with  a  double  hot  water 
jacket  (supplied  from  a),  for  tno  purpose  of  retaining  the  mass  in 


liabu'i  Pill  or  P 


soft  condition  ;  then  by  means  of  a  plunger,  operated  by  a  screw, 
the  mass  is  forced  through  the  apertures  in  the  steel  block  below, 
forming  cylinders  of  uniform  size. 

To  prevent  the  mass  from  sticking  to  the  pill  tile  or  roller, 
it  is  usually  dusted  with  rice  floury  lycopodium  is  also  used  for 
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Fig.  356. 


this  purpose,  but  offers  the  slight  disadvantage  of  color,  and  causes 

the  mass  to  slip  about  when  rolled. 

After  the  cylinder  has  been  cut  into  the 
necessary  number  of  parts,  these  are  next 
rounded  and  finished  by  rotating  them 
about  with  slight  pressure,  on  a  level, 
smooth  surface,  under  the  pill  finisher  (Figs. 
356-7).  This  is  made  of  hard  wood,  and 
either  of  a  fixed  depth  of  surface  or  adjust- 
able. 
When  the  mass  is  of  such  a  nature  that  it  crumbles  readily,  it 

Fig.  357. 


Pill  FinlBher. 


Pill  Finisher. 


is  not  only  permissible,  but  preferable,  to  round  the  pills  by  roll- 
ing them  with  the  fingers. 


EXCIPIENTS  {Fluid), 

Such  excipients  as  are  incompatible  with  the  pill-mass  are  to 
be  avoided,  for  instance,  confection  of  rose  with  iron  compounds ; 
also  those  excipients  which  render  pills  too  hard  or  too  soft,  like- 
wise those  which  tend  to  increase  their  size  unduly. 

Water, — This  is  employed  in  all  cases  where  the  mass  possesses 
sufficient  inherent  adhesiveness  capable  of  being  developed  with 
water,  as,  for  instance,  pills  of  aloes,  asafcetida,  opium,  compound 
cathartic  pills,  etc.  Pills  made  with  water  are,  however,  liable  to 
become  exceedingly  hard  on  standing ;  hence,  when  they  are  to 
be  made  in  large  quantities,  it  is  advisable  to  add  a  small  amount 
of  glycerin. 

Syrup, — This  differs  from  water  in  being  slightly  adhesive. 

Mucilage  or  Syrup  of  Acacia, — While  either  forms  a  very  adhe- 
sive excipient,  they  should  be  avoided,  since  they  render  the  pills 
very  hard. 

Glycerin. — This,  alone,  is  a  poor  excipient,  since  it  is  entirely 
devoid  of  adhesive  properties.  It  is,  however,  excellent  when 
used  in  combination  with  other  excipients  (glycerite  of  tragacanth, 
etc.),  as  it  will  maintain  the  pills  in  a  soft  condition.  Owing  to 
its  hygroscopic  nature,  it  should  be  used  very  cautiously,  other- 
wise the  pills  soon  lose  their  shape. 
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Glucose  or  Honey. — These  form  excellent  excipients,  being  adhe- 
sive and  tending  to  retain  the  mass  in  soft  condition. 

Glycerite  of  Tragacanth.* — This  forms  one  of  the  best  general 
excipients  for  all  sorts  of  masses.  It  is  adhesive,  and  does  not 
render  the  pills  hygroscopic. 

Castor  Oil. — This  is  employed  as  an  excipient  in  pills  of  cam- 
phor, also  in  the  official  Plummer's  Pill. 

General  Excipient. — A  combination  of  some  of  the  above  excip- 
ients, possessing  their  several  virtues,  forms  perhaps  the  best  for 
general  use. 

Upham's  FormnTa : 

Powd.  Acacia, 1  drachm. 

Powd.  Tragacanth, 2      " 

Glucose  (white), 5      *' 

Glycerin, 3  ounces. 

Mix  the  powders  in  a  suitable  vessel,  and  incorporate  the  glycerin 
and  glucose  until  a  perfectly  smooth  paste  is  obtained ;  then  apply 
sufficient  heat  until  the  mass  thickens. 

Remington's  Fonnnla : 

Glncoee  (white), 4  oz.  av. 

Glycerin, 1  oz.  av. 

Powd.  Acacia, 90  grains. 

Benzoic  Add, 1  grain. 

In  the  glvcerin  contained  in  a  capsule,  heated  on  a  water-bath, 
dissolve  the  benzoic  acid  (or  better,  replace  the  benzoic  acid  by  5 
drops  of  Tr.  Benzoin) ;  then  add  the  acacia  and  glucose,  and  stir 
well  until  they  are  dissolved. 


EXCIPIENTS  (Soltd). 

Acacia  (powdered). — Powdered  acacia,  by  itself,  is  of  but  little 
value,  but,  when  combined  with  powdered  althaea  (Hager),  it 
binds  well,  making  a  mass  of  good  consistence. 

Tragacanth  (powdered ). — This  imparts  solidity  and  elasticity  to 
a  mass,  particularly  if  the  latter  tends  to  crumble.  If  too  much 
is  added,  the  mass  becomes  so  elastic  that  it  is  almost  impossible 
to  render  the  pills  round  by  rolling. 

Soap  (powdered). — This  is  adapted  to  the  formation  of  pill- 
masses  containing  resins,  gum-resins,  and  vegetable  powders.  In 
the  PharmacopoBia,  it  is  employed  in  making  pills  of  aloes,  aloes 
and  asafoetida,  asafoetida,  opium  and  rhubarb.  Water  should  be 
added  very  cautiously  to  these  mixtures,  otherwise  they  become 
too  soft.  Soap  should  not  be  used  in  masses  which  contain 
metallic  salts,  acid  salts,  etc. 


•  Off/ceritf  of  Tragacanth^  N.  F.— Tragacanth,  pulverized,  2  trojr  ounces;  glycerin,  12>^  flaid- 
ouiices ;  water,  3  fluldounces.  Triturate  the  traxacanth  with  the  glycerin,  add  the  water  (hot)  gradu< 
ally,  and  continue  triturating  until  a  homogeneous  paste  results. 
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Altliaea  {powdered). — This,  with  a  httle  water,  is  quite  adhesive. 
When  employed  as  an  absorbent  it  should  not  be  employed  in 
large  quantities,  since  it  renders  the  mass  very  bulky  and  elastic. 

Powdered  Extract  of  Liquorice. — This  forms,  with  water,  an  ex- 
cellent binding  material  for  all  sorts  of  combinations.  It  should 
be  employed  only  in  masses  of  dark  color. 

Pilular  Extracts. — Such  solid  extracts,  of  pilular  consistency, 
as  those  of  Gentian,  Taraxacum  or  Triticum,  form  a  very  useful 
excipient  for  a  great  variety  of  combinations.  It  should  be 
borne  in  mind  that  they  should  only  be  employed  in  masses 
which  are  themselves  of  a  dark  color. 

Confection  of  Rose. — This  is  useful  for  combining  small  amounts 
of  active  drugs,  but  is  objectionable  because  of  its  bulk.  The 
Pharmacopoeia  directs  its  use  in  Pills  of  Aloes  and  Myrrh.    • 

Petrolatum. — This,  in  conjunction  with  kaolin  as  diluent,  forms 
the  best  excipient  for  pills  containing  readily  oxidizable  sub- 
stances, such  as  silver  nitrate,  potassium  permanganate,  etc. 

Suet  (Mutton-tallow,  benzoinated). — This,  with  one-third  of  its 
weight  of  white  wax,  forms  the  base  of  all  pills  which  are  to  be 
coated  with  keratin. 

If  the  phvsician  directs  some  particular  excipient,  this  should 
be  employed,  if  possible;  but,  if  it  be  not  practicable,  the  dispenser 
should  follow  his  own  judgment.  The  selection  of  excipients 
should  be  left  to  the  dispenser,  as  his  practical  knowledge  enables 
him  better  to  determine  this. 


MASSING*  OF  VARIOUS  MIXTURES. 

INORGANIC  SALTS. 

Crystalline  salts  which  are  soluble  in  water,  should  be  finely 
pulverized  and  made  into  a  mass  with  glycerite  of  tragacanth  and 
a  little  inert  powder,  and  the  pills,  when  completed,  should  be 
varnished  with  tolu.  For  making  the  mass,  Canada  balsam  has 
been  recommended;  also,  a  mixture  of  the  salt  (2  parts),  powdered 
soap  (1.5  parts),  cacao  butter  (1  part),  and  petrolatum  sufficient; 
also,  a  mixture  of  pulverized  liquorice  root  and  glucose;  also, 
after  dissolving  the  salt  in  the  smallest  quantity  of  water,  to  add 
enough  powdered  acacia  to  form  a  mucilage,  then  to  add  sufficient 
kaolin  to  form  a  mass  of  proper  consistence,  which  is  then  to  be 
rolled  into  pills  and  varnished. 

Such  compounds  as  iodide  or  bromide  of  iron,  are  mixed  with 
powdered  marshmallow  or  liquorice  root  and  powdered  acacia, 
and  massed  with  glycerite  Qf  tragacanth. 


*  By  "  massing  *'  in  meant  the  conversion  of  powders  or  other  substanct^t,  by  means  of  a:i  excipient^ 
Into  a  plastic  condition,  suitable  for  moulding  into  pilia. 
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Exsiccated  iron  sulphate  is  usually  directed  to  be  combined 
with  vegetable  extracts;  here  a  little  glycerite  of  tragacanth 
should  l)e  added  in  order  to  prevent  the  pills  from  drying  out 
and  cracking. 

Reduced  iron  may  be  mixed  with  a  little  liquorice  and  massed 
with  glycerite  of  tragacanth.  When  combined  with  vegetable 
extracts  containing  acids  (such  as  citric,  tartaric,  malic,  etc.),  the 
pills  soon  swell  and  fall  to  pieces,  owin^  to  the  evolution  of  hy- 
drogen arising  from  the  action  of  the  acids  on  the  iron. 

Sensitive  salts,  such  as  silver  nitrate,  potassium  permanganate, 
or  gold  chloride,  require  an  inorganic  basis,  because  the  use  of 
any  organic  substance,  even  though  it  be  merely  a  dusting  powder, 
will  cause  the  reduction  of  these  salts  when  coming  in  contact 
with  them.  For  this  purpose  an  inorganic  substance,  such  as 
kaolin  or  infusorial  earth,  is  employed  as  diluent,  the  mixture  is 
made  into  a  mass  with  petrolatum,  and  the  finished  pills  rolled 
in  powdered  French  chalk.  Another  base,  consisting  of  a  mix- 
ture of  anhydrous  sodium  sulphate  1  part,  kaolin  2  parts,  and 
water  1  part,  has  also  been  recommended. 


ORGANIC  SALTS. 

Alkaloids  or  potent  remedies,  which  are  given  in  verjr  small 
doses,  should  be  well  triturated  with  a  little  sugar  of  milk  and 
powdered  marshmallow  or  liquorice  root,  then  made  into  a  mass 
with  glucose  or  glycerite  of  tragacanth.  This  procedure  answers 
also,  for  such  inorganic  potent  remedies  as  arsenous  acid,  corrosive 
sublimate,  etc. 

Quinine  Sulphate  is  best  massed  quickly  and  rolled  out  after 
moistening  with  a  little  dilute  sulphuric  acid.  Some  employ 
strong  sulphuric  acid;  but  this  must  be  operated  rapidly,  otner- 
wise  the  mass  loses  its  plasticity.  Another  method  (Kurssteiner's) 
is  to  mix  intimately  5  parts  of  quinine  sulphate,  and  1  part  each 
of  citric  acid,  powdered  tragacanth,  and  sugar  of  milk,  then  to 
mass  with  syrup. 

Non-adhesive  Bodies,  such  as  acetanilid,  naphthol,  camphor, 
etc.,  should  be  beaten  up  with  one-third  of  their  weight  of  pow- 
dered acacia  and  massed  with  glvcerite  of  tragacanth  or  glucose ; 
or  1  part  of  powdered  tragacantn  should  be  mixed  with  5  parts 
of  the  substance,  and  the  mixture  massed  with  a  drop  or  so  of 
water. 

Benzoic  and  Gallic  Acids  make  a  fair  mass  with  glycerin  or 
Canada  balsam. 

Croton  Chloral  or  the  Valerianates,  and  very  deliquescent 
saltSy  should  be  mixed  with  a  little  inert  powder,  and  made  into  a 
mass  with  glycerite  of  tragacanth. 
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Creosote  or  Carbolic  Acid. — It  has  been  recommended  to  use 
pulverized  animal  charcoal  as  absorbent  and  to  mass  with  turpen- 
tine or  Canada  balsam.  For  each  minim  of  either  of  the  above, 
a  mixture  of  powdered  soap(l  part),  and  powdered  liquorice  root 
(5  parts)  has  also  been  recommended.  Infusorial  earth  may  also 
be  employed  as  the  absorbent.  Another  method  consists  in  pre- 
paring a  50  per  cent,  jelly,  made  by  melting  together  gelatin  1 1 
parts,  water  24  parts,  sugar  5  parts,  to  which  is  added  creosote  40 
parts.  This  is  to  be  mixed  in  a  slightly  warmed  mortar  with  a 
small  quantity  of  a  vegetable  powder,  and  massed.  The  German 
Unofficial  Formulary  directs  Creosote  10  parts.  Glycerin  2  parts, 
Ext.  Liquorice  powd.  10  parts,  powd.  Liquorice  Root  18  parts. 
The  main  difficulty  experienced  with  these  pills  is  that  most  ab- 
sorbents fail  to  retain  the  oily  material,  but  allow  it  to  penetrate  to 
the  surface  where  it  is  absorbed  by  the  dusting  powder  or  the  pill- 
box. 

Volatile  Oils  and  Balsams. — Some  absorbent  powder  should 
be  used  in  connection  with  a  little  soap.  What  has  been  said  of 
Creosote  applies  also  to  the  volatile  oils.  Hager  recommends  the 
addition  of  one-third  to  an  equal  weight  of  yellow  wax  *  (melted) ; 
but  this  should  never  be  done  except  as  a  last  resort. 

Resins  and  Gum  Resins. — These  should  be  finely  pulverized, 
and  mixed  with  a  little  soap,  then  made  into  a  mass  with  a  few 
drops  of  alcohol.  When  pulverized  they  may  be  made  into  a 
mass  with  a  little  j)otassium  carbonate.  Lupulin  triturated  with 
ether  gives  a  good  mass. 

Vegetable  Powders. — These  require  adhesive  excipients, 
such  as  glycerite  of  tragacanth,  or  glucose.  Where  admissible, 
certain  extracts,  for  instance  those  of  taraxacum,  or  gentian,  may 
also  be  used. 

Solid  Extracts. — These,  when  hard  or  in  dry  powder,  should 
be  made  up  with  water,  or  syrup,  a  trace  of  glycerin  being  added 
to  prevent  undue  hardening  of  the  pills. 

When  pills  are  dispensed,  they  should  be  strewn  with  some 
absorbent  inert  powder,  usually  lycopodium,  or  starch,  or  in  those 
cases  in  which  an  organic  powder  is  not  admissible,  with  powdered 
French  chalk.  It  is  not  customary  to  use  more  of  the  dusting 
powder  than  necessary  to  cover  the  bottom  of  the  box. 


COATING    PILLS. 

Pills  are  coated  for  the  purpose  of  masking  their  taste  or  odor, 
and  for  the  purpose  of  adding  to  their  permanency. 

*  It  \'s  not  advisable  to  make  a  practice  of  employing  wax  in  making  pills,  as  they  are  likely  to 

f>as»  the  l)0(ly  in  an  unaltero<l  state,  or  to  remain  a  long  time  in  the  intestineH.     Wax  contains  very 
ittle  that  is  soluble  in  the  giistric  juice  or  intestinal  fluids,  and,  besides,  its  melting  i)oiDt  (above  63^ 
C.)  is  too  high,  as  the  temi>erature  of  the  body  is  only  37°  C. 
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Silvering  and  Gilding. — The  coating  of  pills  with  silver  or 
gold  leaf  has  become  somewhat  antiquated.  Indeed,  it  i3  quite 
rare,  at  the  present  time,  that  the  apothecary  13  required  to  per- 
form this. 

Pills  which  contain  sulphur,  or  sulphur  compounds,  should 
be  first  varnished  with  torn,  so  as  to  prevent  „      -^ 

blackening  of  the  leaf. 

The  pills  which  should  be  free  from  dusting 
powder  and  quite  hard,  are  placed  in  the 
hollow  cylindrical  silvering  cup  (Fig.  358), 
then  moistened  with  mucilage  of  acacia  (1  drop 
for  a  dozen  pills),  and  rotated  so  as  to  distribute 
this  evenly  over  their  surfaces.  Then  the 
necessary-  number  of  gold  or  silver  leaves  are 
added  (one  for  about  6  pills)  and  the  box  is 
shaken  with  a  rotary  motion  until  all  (he  leaf 
has  been  taken  up  by  the  pills.  The  pills 
should  not  be  made  too  moist,  otherwise  a  ^"'  ^"*™'- 

larger  number  of  leaves  will  be  necessary  and  the  finish  will  be 
dufi. 

Vaknishinq  Pills. — Pills  containing  easily  oxidizable  sub- 
stances, such  as  Phosphorus,  Phosphides,  Ferrous  Iodide  or 
Bromide,  deliquescent  salts,  etc.,  are  usually  coated  with  a 
varnish.  The  pills  are  placed  in  a  flat-bottomed  capsule,  then 
sufficient  of  the  ethereal  varnish  is  poured  over  them  to  wet 
them,  the  dish  is  covered  and  then  rotated  so  as  to  distribute  the 
varnish  equally  over  their  surface.  They  are  then  transferred  to 
a  pill  tile,  or  any  glazed  surface,  and  allowed  to  dry.  As  a 
varnish,  the  Pharmacopoeia  recommends  a  solution  of  balsam  of 
Tolu,  10  parts,  in  15  parts  of  ether. 

Hager  recommends  mastic,  5  parts,  and  balsam  of  Tolu,  15 
parts,  to  be  dissolved  in  a  mixture  of  25  parts  of  alcohol  and  8 
parts  of  ether. 

Collodion  has  also  been  recommended  for  this  purpose.  In 
this  case  the  coating  should  be  made  as  light  as  possible. 

Sugar  Coating. — Sugar  coating  can  only  be  carried  on  success- 
fully on  the  large  scale.  This  is  accomplished  in  very  much  the 
same  manner  as  that  employed  by  the  confectioners  in  coating 
almonds;  a  large  quantity  of  pills  are  rotated  in  a  carefully 
heated  copper  kettle  with  powdered  sugar,  moistened  from  time 
to  time  with  syrup.  The  smooth  coating  results  from  the  attri- 
tion produced.  The  polish  is  imparted  by  rapidly  rotating  the 
finished  pills  with  some  pieces  of  wax,  or  paraffin. 

For  coating  small  quantities  of  pills,  the  following  formula 
of  C  Faust  yields  fair  results: — 

Moisten  the  pills  with  a  mixture  of  1  part  of  glycerin  and  2 

fiarts  of  absolute  alcohol,  and  throw  them  into  a  box  containing  a 
iberal  supply  of  a  fine  powder  composed  of  4  parts  of  sugar,  2 
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parts  of  tragacanth  and  1  part  of  starch,  and  roll  them  around 
well.  Sift  them  free  of  the  powder,  moisten,  and  again  roll  them 
in  the  powder.  To  give  a  glaze  to  the  pills,  moisten  them  with  a 
mixture  of  1  part  of  glycerin  and  2  parts  of  ether,  and  roll  in  a 
powder  consisting  of  equal  parts  of  talc  and  calcium  carbonate. 

In  making  the  pills  on  a  large  scale  the  final  polish  is  given  by 
rotating  them,  after  being  coated,  in  a  cylindrical  vessel  with  some 
pieces  of  hard  paraflSn. 

Pearl  Coating. — This  consists  in  covering  the  pills  with  a 
thin  layer  of  powdered  French  chalk.  The  pills  contained  in  a 
cylindrical  vessel  are  moistened  with  sufficient  syrup  of  acacia  to 
dampen  their  surface  after  rotating  them ;  then  an  excess  of  very 
fine  French  chalk  is  added  and  the  pills  rotated  until  a  smooth, 
polished  surface  results.  It  would  be  well  to  add  a  little  powdered 
saccharin,  so  as  to  impart  a  more  pleasant  taste  to  the  coating 
material. 

Gelatin  Coating. — Gelatin-coated  pills  owe  their  popularity  to 
the  elegant  appearance  and  ready  solubility  of  this  coating.  For 
coating  pills  on  the  large  scale,  the  invention  of  J.  B.  Russell,  of 
Detroit,  is  largely  employed.  This  consists  in  holding  the  pills 
securely  upon  the  ends  of  small  tubes  by  means  of  suction.  The 
machine  consists  of  a  box  to  which  are  attached  numerous  small 
tubes;  the  vacuum  caused  by  the  air  being  exhausted  from  this 
produces  suction,  which  attracts  and  holds  the  pills  in  position. 
The  latter  are  then  dipped  into  the  gelatin  solution,  whereby  one- 
half  of  their  surface  becomes  coated,  then  they  are  quickly  dried 
and  reversed  and  again  dipped. 

Gelatin  coating  may  be  readily  and  quickly  imparted  on  the 
small  scale  by  using  the  following  gelatin  solution : — 

French  Gelatin  (so-caUed  Crold  Brand), 4       parts. 

Acacia  (select  pieces), 1       part. 

Boric  Acid, 0.25  part. 

Water, 40      parts. 

The  gelatin  and  acacia  are  macerated  in  the  water  for  twelve 
hours,  and  then  dissolved  by  heating  on  a  water-bath  with  the 
boric  acid.  The  vessel  should  be  kept  covered  during  the  heating, 
so  as  to  avoid  loss  of  water  by  evaporation  and  the  formation  of 
a  scum  on  the  surface.  This  solution,  when  cold,  solidifies  to  a 
jelly.  It  may  be  kept  in  this  condition  and  a  portion  melted 
when  wanted. 

The  first  requisite  is  that  the  pill  be  dry  and  free  from  dusting- 
powder.  The  simplest  form  of  coater  may  be  made  by  inserting 
needles,  eye-end  down,  in  a  large  cork,  at  a  sufficient  angle  so  as 
not  to  interfere  with  one  another.  The  pills  are  impaled  on 
these,  then  dipped  into  the  gelatin  solution,  withdrawn,  and  then 
held  a  moment  to  allow  the  superfluous  gelatin  to  collect  in  the 
form  of  a  drop,  which  is  removed  by  touching  the  surface  of  the 
gelatin  solution.  The  cork  is  then  rotated  about,  so  as  to  permit 
the  gelatin  to  set  evenly  over  the  surface  of  the  pills. 
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A  very  convenient  machine  for  gelatin-coating  for  the  us©  of 

the  pharmacist,  is  that  devised  by  Mr.  Maynard,  of  Chicago  {Fig. 

359).  ThepillsarefirstroUed 

into  the  conical  indentations  ^"''  ^^' 

of  a  plate  provided  for  this 

purpose,     A  needle-holder  is 

provided,  which  consists  of  a 

circular  plate  in    which  are 

seta  number  of  needles;  on 

either  edge  of  this  plate  are 

placed  guiding  pins,by  means 

of  which  the  operator  is  en- 
abled to  accurately  center  the 
Sills  with  the  needle  points, 
y  means  of  the  handle  the 

needle-holder   is   pressed 

downward,  until  the  pills  are 

securely    impaled    on     the 

needlepoints.  These  are  then 

dipped  into  the  solution,  as  G.uiiaPmc-.er(M.j„»i>. 

directed  above,  and  rotated ; 

then,  after  the  gelatin  film  has  become  cold  and  sufficiently  hard, 

the  pills  are  removed  by  a  mechanical  device,  Eind  set  aside  on 

little  trays  to  dry.     The  gel- 

^'°-  ^^-  atin  solution  should  be  kept 

constantly     covered    when 

not  dipping. 

The  coater  devised  by 
Prof.  Patch  (Fig.  300)  con- 
sists of  wooden  strips  con- 
taining 16  needles  for  im- 
palingthepills.  Thesestrips 
are  provided  with  adjustable 
handles,  so  that  ns  soon  as 
the  pills  have  been  dipped 
they  may  be  rotated  by 
hand  sufficiently  until  they 
have  set;  then  the  strips 
holding  the  pills  are  secured 
on  the  wheel,  which  is  made 
to  rotate  alternately  in  botli 
directions,  for  the  purpose 
of  securing  uniformity  of 
o  , ..  ^^.,    «  J..    ,»-.  ^,  the  coating  and  facilitating 

the  drymg.     Ihe  pills  are 

removed  from  the  needles  by  means  of  a  comb  attached  to  the 

box. 

Keratin  or  Salol  Coaiing. — In  those  instances  where  it  is  desired 

to  restrict  the  action  of  the  medicinal  agent  (such  as  naphthalin, 
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koussin,  tannic  acid,  etc.),  to  the  intestinal  tract,  it  is  necessary 
that  the  pill  be  coated  with  some  agent  which  is  not  acted  on  by 
the  acid  gastric  juices,  so  that  it  may  pass  undissolved  through 
the  stomach  into  the  duodenum,  where  the  alkaline  secretions 
cause  a  solution  of  the  coating  and  subsequent  disintegration  of 
the  pill. 

For  this  purpose  we  have  two  agents,  namely  Keratin  *  and 
Salol.t 

Keratin  Coating. — For  coating  with  keratin,  oily  excipients 
should  be  employed  in  making  the  pills ;  one  excipicnt  recom- 
mended for  this  purpose  consists  of  a  mixture  of  3  parts  of  mutton 
suet  and  1  part  of  white  wax;  should  other  excipients  be  neces- 
sary the  pills  should  be  first  coated  with  a  thin  layer  of  cacao- 
butter.  The  coating  solution  is  made  by  dissolving  7  parts  of 
keratin  in  100  parts  of  concentrated  acetic  acid,  or  1  part  of 
keratin  in  a  mixture  of  10  parts  each  of  ammonia  water  and 
water.  The  pills  are  placed  in  a  large  porcelain  capsule,  4  or  5 
drops  of  the  keratin  solution  added,  and  then  rolled  about  every 
five  or  ten  minutes  for  half  an  hour.  Then  another  addition  of 
a  few  drops  of  the  solution  is  made  and  the  pills  rotated  as  before. 
The  procedure  may  be  repeated  once  or  twice  more.  Another 
method  consists  in  impalmg  the  pills  on  needles  and  applying 
the  solution  of  keratin  with  a  camel's  hair  brush.  Two  applica- 
tions generally  suffice ;  the  first  coat  should  be  allowed  to  dry 
before  applying  the  second. 

Salol  Coating. — The  pills  should  be  impaled  on  needles  (as  in 
coating  with  gelatin),  then  dipped  into  the  melted  salol  contained 
in  a  small,  deep  capsule.  The  coating  hardens  almost  as  soon  as 
the  pills  are  removed  from  the  bath.  Such  pills  have  the  appear- 
ance of  being  sugar-coated.  The  pin-holes  left  after  removing 
the  pills  from  the  needles  should  be  closed  by  applying  a  little 
melted  salol  with  a  brush.  This  coating  may  be  applied  to  gelatin 
capsules  as  well.  A  coating  of  0.2  to  0.3  Gm.  of  salol  suffices  to 
prevent  the  pill  from  being  crushed  by  the  pressure  of  the  tongue 
against  the  palate.  The  pills  must  not  be  bitten,  and  not  be  taken 
with  hot  food  or  fluids. 


*  The  Preparation  of  Keratin. — Dieterich's  modified  formuln  for  the  preparation  of  keratin  is  as 
follows:  Dif^est  20  Gra.  of  finely  cut  goose  quills  in  water  for  ten  hours,  and  afterwani  macerate  in  a 
mixture  of  100  Gm.  of  ether  and  100  Gm.  of  alcohol  for  eight  days ;  filter  off  the  liquid,  dry  the 
quill,  and  put  it  in  a  large  flask  containing  200  Gm.  of  glacial  acetic  acid ;  stopper  the  flask  with  a 
perforato<l  cork,  and  insert  a  gl&HS  tube  in  the  perforation  to  serve  as  a  condenser.  Boil  gently  in  a 
sand-bath  for  20  to  40  hours,  and,  when  the  quill  is  nearly  all  dissolved,  filter  through  gla&s-wool  and 
evaporate  the  filtrate  in  a  porcelain  capsule  to  a  syrup;  spread  this  on  clean  glass  plates  and  dry. 
Finally,  scrape  off  the  keratin  In  scales. 

t  Salol  is  the  salicrlic  ether  of  phenol,  its  formula  being  QH^CxTTgO^.  It  is  a  crystalline  compound 
which  melts  at  42°  0.  In  the  alkaline  secretions  of  the  small  intestine  it  is  broken  up  into  phenol 
and  salicylic  acid. 


SOLIDS-FOB  INTERNAL  USE.  331 

TABLETTJE. 
TABLET  TRITURATES. 

Tablet  Triturates  consist  of  the  medicine,  which,  if  a  dry  solid, 
has  been  triturated  with  sugar  of  milk  until  a  thorough  and  com- 
plete division  and  distribution  of  it  has  been  made.  In  the  case 
of  pasty  or  fluid  bodies,  these  are  mixed  in  a  wet  state  with  sugar 
of  milk,  the  whole  dried,  and  then  finely  subdivided  by  tritura- 
tion. The  powder  in  either  case  is  then  formed  into  a  pasty  mass 
with  varying  proportions  of  alcohol  and  water,  or  other  suitable 
menstruum,  and  afterwards  moulded  into  tablets  of  uniform  size 
and  weight. 

The  formula  for  each  separate  combination  is  arrived  at  in  the 
following  wav : — 

The  mould  is  filled  with  finely-powdered  sugar  of  milk,  which 
has  been  wetted  to  a  pasty  mass  with  diluted  alcohol.  The  tablets 
are  then  pressed  from  the  mould,  thoroughly  dried  and  weighed. 
This  weight  is  generally  sixty-five  (65)  grains  for  fifty  (50)  tablets 
for  the  rubber  moulds  now  usually  supplied,  making  a  tablet 

Fio.  361. 


Rubber  Tablet  Triturate  Mould.* 


weighing  slightly  less  than  one  and  one-third  (1  J)  grains  when 
filled  with  plain  milk  sugar.  The  weight  of  the  plain  sugar  of 
milk  tablet  is  slightly  increased  with  the  increased  solvent  action  of 
the  menstruum,  as  more  of  the  sugar  enters  solution,  making  the 
tablet  more  compact.  The  next  step  is  to  ascertain  how  much 
milk  sugar  must  be  omitted  from  the  previously  ascertained 
amount  in  order  to  make  room  for  the  medicinal  constituents. 
For  this  purpose  one  hundred  and  thirty  (130)  grains  of  milk  sugar 
are  weighed  off,  which  is  equivalent  to  one  hundred  (100)  finished 
tablets  of  plain  sugar  of  milk.  From  these  130  grains  a  bulk  is 
taken,  equivalent,  as  nearly  as  possible,  to  that  of  the  substance 
to  be  incorporated,  and  its  weight  noted.     The  active  ingredient, 


♦  This  consista  of  two  part9,  the  lower,  heavier  portion  bearing;  the  puiich-pin»,  which  number  fifty 
for  the  regular  tablet  triturates,  and  one  hundred  for  the  hypodermic  sise.  There  are  two  extra, 
larger  and  higher  pins  at  either  end,  which  gauge  the  niould-platc  so  that  the  openings  come  in 
line  with  the  punch-pins.  The  upper  portion  is  the  mould  proper,  consisting  of  a  rublier  plate  with 
regiilnrly  arranged  perforations,  corresponding  in  division,  sixe  and  location  of  the  punch-pins.  The 
mould-plate  bears  a  nunii)er  which  is  identical  with  that  Ufion  the  plate  bearing  the  pins,  ana  when  the 
tablets  are  to  be  pushed  through,  the  two  parts  must  be  so  adjusted  that  the  ends  bearing  the  num- 
bers come  together,  and  the  face  of  the  mould-plate  bearing  the  number  nmst  be  turned  upward. 
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if  a  dry  solid,  is  now  mixed  with  the  remaining  portion  of  sugar 
of  milk  by  thorough  trituration.  In  the  case  of  solid  extracts, 
tinctures  and  other  fluids,  these  are  mixed  with  the  remaining 
portion  of  sugar  of  milk,  if  necessary,  by  the  aid  of  water  or  some 
other  menstruum  which  dissolves  them  perfectly,  then  the  mass  is 
dried  and  powdered. 

After  the  mixture  has  been  made,  dried  and  thoroughly  tritu- 
rated, it  is  wetted  with  a  suitable  menstruum,  and  moulded, 
care  being  taken  to  scrape  the  mortar  as  clean  as  possible  in  order 
not  to  waste  any  of  the  material.  The  tablets  are  then  carefully 
dried.  If  there  be  any  mass  in  excess  of  that  required  for  the 
one  hundred  tablets,  it  shows  that  not  enough  milk  sugar  has 
been  taken  from  the  original  130  grains.  The  weight  of  this 
excess  is  generally  equal  to  that  of  an  equal  bulk  of  milk  sugar. 
Hence  it  will  only  be  necessary,  at  the  next  trial,  to  remove  as 
much  more  milk  sugar  as  the  bulk  of  this  excess  amounts  to. 

If  there  should  be  less  than  one  hundred  tablets,  the  weight 
of  the  number  deficient  is  ascertained  by  determining  the  average 
weight  of  the  finished  tablets,  and  deducting  the  calculated  weight 
of  the  missing  tablets  from  the  weight  of  the  bulk  of  the  sugar 
of  milk  originally  separated.  At  the  next  trial  the  amount  of 
milk  sugar  removed  from  the  original  130  grains  should  be  as 
much  less,  as  the  weight  of  the  missing  tablets  amounted  to. 

In  each  case  the  formula  finally  found,  by  actual  experiment, 
to  yield  a  correct  result,  should  be  noted  in  a  special  book,  for  the 
purpose  of  future  reference. 

It  is  important  that  all  the  ingredients,  and  the  mixture  of 
powders  ready  for  moulding,  should  be  in  the  finest  possible  state 
of  subdivision.  If  they  are  coarse,  the  tablets  will  not  show  a 
smooth,  finished  appearance. 

In  tablets  composed  nearly  all  of  sugar  of  milk,  if  the  latter  be 
in  coarse  powder,  it  necessitates  the  addition  of  more  water  to  the 
alcohol  than  is  required  when  the  milk  sugar  is  in  very  fine 
powder.  The  menstruum  selected  should  possess  a  slight  solvent 
action  upon  one  or  more  of  the  ingredients,  but  the  latter  should 
not  be  too  freely  soluble,  since  the  mass  is  then  moulded  with 
difficulty,  and  the  .tablets  prepared  therefrom  will  be  uneven, 
sometimes  being  cracked  on  the  surface  and  very  hard.  It  should 
possess  sufficient  solvent  action  to  make  a  firm,  yet  not  too  hard 
a  tablet,  one  that  will  hold  firmly  together  when  shaken  in  a 
vial,  and  which  should  readily  disintegrate  upon  the  addition  of 
water.  It  is,  however,  impossible  to  prepare  all  the  various  com- 
binations in  such  form  that  they  readily  dissolve  or  diff'use  upon 
the  addition  of  water,  the  rapidity  of  disintegration  depending 
upon  the  proportion  and  soluble  character  of  the  constituents. 

The  menstrua  generally  used  are  alcohol,  absolute  alcohol, 
alcohol  and  water,  and  chloroform.  For  tablets  composed  nearly 
entirely  of  sugar  of  milk,  a  menstruum  composed  of  three  vol- 
umes of  alcohol  and   one  volume  of  water  is  preferable.     For 
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bodies  insoluble  in  alcohol  the  proportion  of  water  is  raised  in 
proportion  to  the  increase  of  active  ingredient  The  menstruum 
must,  therefore,  be  so  adjusted  that  it  will  dissolve  enough  of 
either  the  milk  sugar,  or  of  the  active  ingredient,  to  make  a  suf- 
ficiently firm  tablet.  As  examples  may  be  quoted:  reduced  iron, 
binoxide  of  manganese,  oxalate  of  cerium,  bismuth  subnitrate 
and  subcarbonate,  and  the  higher  strength  calomel  tablets.  For 
codeine,  podophyllin,  leptandrin,  aloin,  and  bodies  very  soluble 
in  alcohol,  it  is  better  to  use  water  exclusively  for  moulding. 

For  such  tablets  in  which  a  chemical  reaction  takes  place 
between  the  various  constituents,  with  the  formation  of  a  new 
product  which  is  desired,  a  menstruum  must  be  selected  which 
does  not  exert  a  soluble  action  upon  all  of  the  active  constituents. 
For  example,  we  combine  sodium  bicarbonate  with  saccharin,  in 
order  to  increase  the  solubility,  thereby  intensifying  the  sweetness 
of  the  latter;  as  a  menstruum  for  moistening,  we  employ  absolute 
alcohol,  as  it  exerts  a  solvent  action  on  the  saccharin  only,  yet 
binding  the  constituents  to  a  firm  tablet. 

In  the  case  of  fluid  extracts  and  tinctures,  thorough  trituration 
with  the  milk  sugar  is  generally  sufficient  to  produce  a  homo- 
geneous mass  for  drying.  Solid  extracts  produce  more  difficulties. 
If  water  is  to  be  used  as  diluent,  not  more  than  the  absolutely 
required  amount  should  be  employed,  since  any  excess  will  cause 
the  mass  to  form  lumps  or  large  cakes,  and  render  the  subsequent 
drying  difficult.  After  the  mass  is  dried,  it  must  be  reduced  to  a 
fine  powder,  previous  to  being  moulded.  To  form  a  paste,  the 
best  liquid  in  this  case  is  a  mixture  of  alcohol  three  volumes  and 
chloroform  one  volume.  Water  alone  usually  renders  the  mass 
too  sticky,  and  alcohol  alone  is  not  adapted  to  aqueous  or  hydro- 
alcoholic  extracts,  since  the  extracts  abstract  the  water  from  the 
alcohol,  and  thus  produce  an  unmanageable  adhesive  mass. 

In  preparing  the  powder  for  moulding,  it  should  be  wetted  to  a 
pasty  consistence,  the  mould  be  placed  upon  a  smooth  surface,  a  pill 
tile  answering  admirably,  and  the  wetted  powder  pressed  into  the 
spaces  with  a  horn  or  ivory  spatula  which  is  drawn  over  the  mould. 
Sometimes  the  mass  adheres  to  the  spatula  and  is  drawn  from  the 
holes.  This  is  remedied  by  dipping  the  spatula  in  the  menstruum 
used  for  wetting  the  mixture  before  drawing  it  over  the  surface. 
The  mould  is  then  reversed  by  sliding  it  toward  and  off  the  edge  of 
the  tile  without  raising  it,  the  spatula  is  drawn  over  the  other  side 
of  the  mould  and  the  latter  then  again  drawn  toward  and  ofi^ 
the  edge.  The  tablets  are  now  pressed  out  by  the  punch  pin  plate 
and  allowed  to  dry  a  few  minutes  upon  the  punch  pins,  then 
shaken  off  by  striking  the  pin-plate  forcibly  upon  the  counter 
covered  with  a  sheet  of  paper  to  receive  the  tablets. 

If  the  tablets  are  to  be  finished  as  speedily  as  possible,  it  is 
advisable  to  blow  heated  air  over  the  surface  of  the  side  of  the 
mould  which  comes  in  contact  with  the  punch  pins.  This  is  best 
accomplished  by  holding  the  mould  some  distance  from  a  gas 


334  HANDBOOK  OF  PHARMACY, 

flame  and  blowing  the  upper  extremity  of  the  flame  towards  the 
mould,  the  force  of  the  breath  carrying  considerable  heated  air 
with  its  help  to  dry  the  surface  quickly.  Care  should  be  exercised, 
if  the  mould  is  of  rubber,  that  not  too  great  a  heat  be  directed 
toward  the  mould,  otherwise  it  will  warp.  Moreover,  if  alcohol 
has  been  used  for  moistening,  care  must  be  taken  to  prevent  igni- 
tion of  the  vapor.  The  rubbing  of  some  dry  powder  (dry  milk 
sugar  or  lycopodium)  over  the  side  of  the  mould  to  come  next  to 
the  punch  pins,  helps  to  absorb  the  excess  of  moisture  and  pre- 
vents the  tablets  from  sticking  to  the  punch  pins. 

The  tablets  should  never  be  left  in  the  moulds  over  ten  minutes, 
because  if  they  are  allowed  to  dry  in  the  mould,  they  cannot  be 
pressed  from  it  without  crumbling. 

The  drying  process  is  best  completed  by  placing  them  upon  a 
sieve  which  exposes  their  entire  surface,  and  allows  more  rapid 
evaporation  of  the  menstruum.  This  is  particularly  necessary 
when  the  tablet  is  colored  by  the  active  ingredient,  in  solution  in 
the  menstruum.  If  such  a  tablet  were  dried  while  lying  on  a 
solid  surface,  the  coloring  matter  would,  by  the  law  of  capillarity, 
be  deposited  near  the  upper  surface,  and  hence  this  side  would  be 
darker  in  color  than  the  lower,  the  evaporation  having  been 
entirely  from  the  upper  end,  while  upon  the  sieve  it  will  be  from 
the  entire  surface,  the  color  being  equally  distributed  near  the 
entire  surface  of  the  tablet,  the  interior  always  being  lighter  in 
color. 

In  preparing  tablets  upon  a  large  scale  they  are  allowed  to  dry 
upon  the  punch  pins  in  a  draught  of  slightly  warmed  dehydrated 
air.  When  nearly  dry,  they  are  scraped  from  the  punch  pins  and 
the  drying  completed  in  a  hot-air  chamber. 

For  hypodermic  tablets,  sugar  of  milk  is  well  adapted,  and  the 
rules  to  follow  for  their  preparation  are  exactly  similar  to  those 
for  the  Tablet  Triturate.  The  rubber  hypodermic  mould,  usually 
sold,  makes  tablets  which  weigh  about  three-quarters  of  a  grain. 
The  menstruum,  used  for  most  of  the  combinations,  is  three  vol- 
umes of  alcohol  and  one  volume  of  water.  In  some  of  the  higher 
strength  morphine  tablets  it  is  necessary  to  use  diluted  alcohol. 

When  solid  extracts  are  to  be  combined  into  tablets,  the  mass 
should  be  moistened  with  a  menstruum,  composed  of  a  mixture 
of  alcohol  three  volumes  and  chloroform  one  volume. 
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COMPRESSED  TABLETS. 

Compressed  tablets  consist  of  some  medicinal  substance,  or  a 
mixture  of  substances,  compressed  to  the  form  of  a  disc.  The 
substance  or  mixture  which  is  to  be  compressed  must  be  in  a 
granular  form,  either  in  its  original  granular  condition,  or  pre- 
pared in  a  granular  state  by  aid  of  a  medium,  such  as  cane  sugar, 
or  gum  arabic,  with  the  aid  of  water. 

In  the  preparation  of  compressed  tablets  it  is  important  that  the 
ingredients  be  brought  by  trituration  to  a  very  fine  state  of  sub- 
division before  being  granulated,  unless  the  substance  is  originally 
granular,  or  in  a  firm,  hard  crystalline  form,  from  which  a  granular 
preparation  may  be  obtained  by  grinding  in  a  mill  or  mortar. 

If  the  material  is  compressed  in  the  form  of  fine  powder,  it  is 
difficult  to  be  formed  into  uniform  and  nicely  finished  tablets. 
Not  only  does  the  powder  not  feed  well  into  the  mould,  but, 
when  pressure  is  applied,  the  air  confined  in  the  interstices  of 
the  powder  has  no  chance  of  escaping,  and  is  apt  to  produce 
tablets  of  irregular  surfaces,  edges,  and  weight,  with  a  tendency 
to  stick  to  the  powders  and  die. 

To  overcome  these  difficulties  the  substance  is  granulated  by 
adding  one-tenth  of  its  weight  of  cane  sugar  and  one-twentieth  of 
its  weight  of  acacia,  thoroughly  mixing  and  moistening  with  water 
until  it  is  of  such  consistence  that  it  can  readily  be  forced  through 
a  No.  12  sieve  without  sticking  to  it,  or  clogging  it.  It  is  then 
dried.  The  finished  granulation  should  always  be  perfectly  dry, 
as  a  damp  granulation  occasions  a  great  deal  of  trouble  by 
sticking  to  the  dies,  and  punches.  The  granulation  is  now  forced 
through  a  No.  20  sieve,  and  the  particles  which  do  not  readily 
pass  through  the  meshes  are  forced  through  by  the  aid  of  a  flat 

Eestle.  In  adding  the  water  to  make  the  granulation,  it  should 
e  thoroughly  and  evenly  incorporated  so  that  all  the  particles 
contain  as  nearly  as  possible  an  equal  amount  of  moisture.  The 
water  is  best  added  in  small  portions  at  a  time. 

Some  substances  can  be  bought  already  granulated,  and  these, 
therefore,  require  no  further  preparation,  and  can  be  compressed 
in  their  original  granular  condition;  for  instance,  ammonium 
chloride,  potassium  bromide,  sodium  bromide,  potassium  chlorate, 

f>otassium  iodide.  Some  few  crj'stalline  salts,  if  in  the  form  of 
lard  crystals,  without  having  lost  any  of  their  water  of  crystal- 
lization, can  be  ground  in  a  mill  to  granular  powder,  or  may  be 
crushed  to  a  granular  form  in  a  mortar;  for  instance,  sodium 
phosphate  and  sodium  sulphate. 

Cane  sugar  is  the  best  material  to  use  for  granulating,  as  tablets 
prepared  with  it  disintegrate  or  dissolve  more  quickly  than  those 
prepared  with  acacia.  For  beginners,  it  is  better  to  use  the  cane 
sugar  and  acacia  together  as  directed  above,  as  this  mixture  is 
best  adapted  for  granulating  almost  anything  obtainable  in  a 
pulverulent  condition. 
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Before  the  granulation  is  compressed,  it  is  necessary  to  add  a 
lubricant.  This  is  a  hydrocarbon  oil  entirely  free  from  odor,  the 
proportion  added  depending  upon  the  character  of  the  material. 
Ten  to  twelve  drops  is  usually  suflBcient  for  one  pound  of  the 
granulation.  It  is  best  added  by  means  of  a  spray,  and  further 
mixed  by  stirring  the  mixture  upon  paper,  or  by  dropping  the  oil 
into  a  mortar,  adding  about  one-fortieth  of  the  bulk  of  the  mate- 
rial, mixing  well  by  rubbing  gently  so  that  the  granulation  may 
be  as  little  as  possible  reduced  to  powder,  then  adding  the 
remainder  of  the  granulation,  and  stirring  gently. 

The  hydrocarbon  oil  possesses  the  property  of  lubricating  the 
different  particles,  allowing  them  to  glide  by  each  other  freely, 
easily  falling  into  the  mould  space,  feeding  the  same  amount 
each  time,  .and  thus  making  the  finished  tablets  equal  in  weight. 
While  the  granulation  is  undergoing  compression,  the  greater  pro- 
portion of  the  oil  is  forced  to  the  surface  and  edges  of  the  tablet, 
preventing  the  sticking  of  particles  of  the  material  to  the  die  and 
feces  of  the  punches. 

Finely  powdered  French  chalk  is  used  in  connection  with  the 
hydrocarbon  oil,  its  properties  being  likewise  that  of  a  lubricant. 
The  proportion  used  should  be  just  as  small  as  possible,  not  more 
than  one-fortieth  of  the  weight  of  the  material.  It  should  be 
added  after  the  oil. 

Boracic  acid  is  also  used  as  a  lubricant  in  such  cases  where  the 
tablet  is  required  to  form  a  clear  solution.  It  does  not  act  so  well 
as  the  French  chalk. 

The  more  perfect  and  even  the  granulation  has  been  prepared, 
the  smaller  tne  quantity  of  lubricant  which  it  is  necessary  to  use. 

In  the  preparation  of  compressed  tablets  from  solid  extracts, 
fluid  extracts  and  tinctures,  the  two  latter  are  to  be  concentrated 
to  a  syrupy  consistence.  A  solid  extract  is  best  rubbed  to  a  syrupy 
consistence  by  the  aid  of  water.  In  both  cases  there  should  be  no 
small  particles  of  undissolved  extract,  as  these  would  give  the 
finished  tablet  a  mottled  or  spotted  appearance. 

If  the  quantity  of  extract  to  be  contained  in  a  tablet  is  small, 
say  one-fourth  of  a  grain  of  extract  contained  in  a  tablet  weighing 
two  grains,  the  excess  of  water  may  be  absorbed  by  finely  pow- 
dered starch,  of  which  as  much  as  25  per  cent,  of  the  weight  of  the 
tablet  may  be  added,  if  necessary,  the  principle  being  to  leave  the 
mixture  of  starch  and  extract  sufficiently  wet  so  that  it  may  exert 
the  required  solvent  action  upon  the  remaining  ingredients  to 
form  a  proper  consistence  for  granulation.  If  too  much  starch 
has  been  added,  the  extra  quantity  of  water  required  is  easily 
added  to  the  mixture  of  starch,  extract,  and  other  material. 
When  a  tablet  is  to  contain  two  or  more  grains  of  extract,  the 
addition  of  the  required  amount  of  starch,  so  that  the  product 
will  pass  through  a  No.  12  sieve,  would  make  it  too  large. 
Therefore,  when  the  extract  is  in  large  proportion,  it  is  a  good 
plan  to  add   to  it  half  its  weight  of  starch  after  it  has  been 
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softened,  then  to  dry  the  mass  upon  a  steam-bath,  and  finally 
to  crush  it  in  a  mortar,  or  to  grind  it  in  a  mill  to  a  No.  20  granu- 
lation. 

When  a  caked  mass  is  to  be  reduced,  by  rubbing  in  a  mortar, 
to  a  No.  20  granule,  the  material  should  be  transferred  to  the  sieve 
at  short  intervals,  in  order  to  separate  that  portion  which  has  been 
reduced  to  the  proper  fineness  ;  otherwise,  by  continued  rubbing, 
the  greater  portion  of  the  material  would  be  reduced  to  a  fine 
powder. 

Extracts  may  also  be  incorporated  in  the  form  of  a  dry,  im- 
palpable powder,  if  the  proportion  be  small,  and  in  such  cases  it 
IS  also  a  good  plan  to  add  some  powdered  starch  to  the  material 
and  extract ;  next,  sufficient  water  is  added,  and  well  incorporated, 
the  mixture  passed  through  a  No.  12  sieve,  then  dried,  and,  lastly, 
forced  through  a  No.  20 sieve.  It  is  not  necessary  to  use  any  adhesive 
material,  such  as  acacia  or  cane  sugar,  for  tablets  containing  ex- 
tracts, unless  the  proportion  of  extract  be  very  small.  Spongy 
bodies  like  charcoal  must  be  in  impalpable  powder,  and  not  less 
than  25  per  cent,  of  cane  sugar  should  be  added  for  granulation. 
If  the  charcoal  cannot  be  obtained  in  a  finely  subdivided  state,  it 
is  a  good  plan  to  add  the  proportion  of  sugar  as  above,  to  wet  the 
mixture  to  such  a  state  that  it  forms  small  cakes,  and  to  dry  per- 
fectly. The  cakes  are  then  reduced  to  very  fine  powder,  moistened 
with  sufficient  water  to  make  the  mass  pass  through  a  No.  12 
sieve,  the  granulation  dried,  and  then  reduced  to  granules,  pass- 
ing through  a  No.  60  to  80  sieve. 

The  powdered  pepsin  of  the  market  is  of  a  spongy  nature,  like 
charcoal,  and  is  best  prepared  for  compressing  by  adding  one-tenth 
of  its  weight  of  cane  sugar,  then  spraying  diluted  alcohol  over  the 
mixture,  mixing  thoroughly  until  all  particles  have  been  moist- 
ened, but  are  still  in  about  No.  80  powder,  then  drying  and  com- 
pressing. 

Spongy  substances  should  be  fed  to  the  machine  in  a  very  finely 
granular  form.  The  large  size  granules  offer  too  much  resistance 
to  the  punches,  and  the  tablet  crumbles  very  easily.  Spongy 
bodies,  as  a  rule,  require  no  lubricant. 

Scale  pepsin  and  most  of  the  other  scale  preparations  can  be 
compressed  by  reducing  them  to  No.  30  or  40  granules,  and  lubri- 
cating them. 

Salts  containing  water  of  crystallization,  organic  or  inorganic, 
which  cannot  be  compressed  without  being  first  granulated,  as,  for 
example,  lead  acetate,  zinc  sulphate,  alum  and  quinine  sulphate, 
are  best  treated  in  the  following  manner: — 

The  salt  is  reduced  to  a  fine  powder,  mixed  with  one-twentieth 
of  its  weight  of  powdered  gum  arabic,  moistened  sufficiently  with 
water  to  pass  it  through  a  No.  12  sieve,  dried,  again  reduced  to 
fine  powder,  mixed  with  one-tenth  of  its  weight  of  cane  sugar, 
moistened  with  just  enough  water  to  make  it  pass  through  a  No. 
12  sieve,  then  dried,  first  without,  and  lastly  by  aid  of  heat.    The 

22 
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mixture  is  then  forced  through  a  No.  20  sieve,  lubricated  and  com- 
pressed. 

Bodies  which  are  hygroscopic  or  deliquescent  are  best  granu- 
lated with  gum  arabic  exclusively,  taking  one-tenth  of  the  weight 
of  the  substance  and  water  for  moistening. 

Combinations  of  rhubarb  and  soda  are  best  granulated  by  add- 
ing to  them  one-tenth  of  their  weight  of  cane  sugar,  and  granu- 
lating with  a  mixture  of  one  volume  of  glucose,  1  volume  of  water 
and  three  volumes  of  alcohol,  well  mixed,  this  mixture  preventing 
the  action  of  the  alkali  upon  the  rhubarb. 

Glucose  is  an  excellent  medium  for  making  tablets  hard  and 
tough,  so  that  they  will  not  readily  disintegrate,  as,  for  example, 
lozenges  which  are  intended  for  slow  solution  in  the  mouth.  To 
improve  the  lozenge,  the  greater  portion  of  the  material  should 
be  cane  sugar,  with  10  per  cent,  of  gum  arabic,  and  the  glucose 
should  be  diluted  with  25  per  cent,  of  water  before  being  added. 

In  tablets  to  form  effervescing  solutions  or  to  form  new  com- 

{)ounds  when  added  to  water,  the  constituents  should  be  granu- 
ated  separately,  and  mixed  in  a  perfectly  dry  granular  condition 
just  before  bemg  compressed. 
A  very  important  quality  which  compressed  tablets  should 

Eossess  is  that  of  rapid  disintegration  and  solution.  This  is 
rought  about  by  adding  finely  powdered  starch,  to  the  amount 
of  from  one-twentieth  to  one-tenth  of  the  weight  of  material,  to 
the  granulated  substance  ready  to  be  compressed.  It  is  most 
important  for  certain  insoluble  bodies,  such  as  phenacetin,  acet- 
anilid,  sulphonal,  etc.,  that  they  disinte^ate  rapidly.  These  are 
best  granulated  with  one-tenth  of  their  weight  of  cane  sugar, 
water  being  used  for  moistening.  As  stated  before,  the  addition 
of  acacia  retards  rapid  disintegration  and  solution ;  hence  it  should 
not  be  used  where  cane  sugar  acts  as  a  sufficiently  adhesive 
agent. 

Fig.  362  illustrates  the  simplest  form  of  a  compressed  tablet 
machine ;  this  consists  of  a  cast  steel  cylinder,  into  the  base  of 
which  fits  a  short  post  with  a  concave  surface.  A  steel  plunger, 
having  a  corresponding  concave  depression  on  its  lower  extremity, 
is  used  for  compression.  The  granule  is  introduced  into  the 
cylinder,  and  after  inserting  the  plunger,  a  quick,  sharp  blow  is 
struck  by  means  of  a  wooden  mallet,  whereby  the  powder  is  com- 
pressed; then,  after  the  cylinder  is  removed  from  the  base,  the 
plunger  is  tapped,  which  forces  the  tablet  out  into  a  proper 
receptacle.  An  improvement  on  this  is  the  tablet  machme 
illustrated  in  Fig.  363.  Its  construction  is  simple,  being  operated 
by  means  of  a  lever.  It  is  capable  of  turning  out  tablets  quite 
rapidly.  For  the  preparation  of  large  quantities  of  tablets,  the 
larger  machines  of  the  market  afford  all  that  is  desirable. 

The  pressure  used  for  compressing  the  tablets  should  be  just  as 
light  as  possible,  for  the  firmer  the  pressure  the  slower  the  disin- 
tegration of   insoluble  bodies,  firm  pressure  not  affecting  very 
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soluble  substances,  since  their  solution  takes  place  from  the 
surface.  The  pressure  should  be  regulated  so  that  the  tablets 
may  readily  be  broken  in  half  by  the  fingers,  but  should  not 
break  to  pieces  when  dropped  upon  the  floor.  With  a  light 
pressure  the  material  has  a  greater  tendency  to  stick  to  the  face 
of  the  punches. 

The  dies  and  punches  should  be  of  very  hard  temper  and 
should  be  kept  in  good  condition.  They  should  be  polished  from 
time  to  time  by  the  aid  of  finely  powdered  emery,  preferably  on 
a  lathe.  If  this  is  not  at  hand,  a  round  smoothened  end  of  a 
piece  of  wood  answers  very  well,  and  is  used  by  dipping  the  end 
in  oil,  then  in  the  emery,  and  rubbing  over  the  surface  of  the 
punches.     For  polishing  the  dies,  a  rounded  piece  of  wood,  a  tittle 
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smaller  than  the  bore  of  the  die,  dipped  in  the  oil  and  emery,  is 
well  adapted. 

If  the  surface  of  the  dies  and  punches  is  not  kept  smooth  and 
polished,  the  material  works  into  the  uneven  surface  and  adheres 
to  it,  making  a  tablet  with  rough  surface  and  scraped  edges,  neces- 
sitating the  frequent  cleaning  of  the  faces  of  the  punches. 

If  the  dies  be  of  soft  temper,  such  bodies  as  exert  considerable 
friction,  as  acetanilid,  phenacetin,  and  antipyrin,  will  wear  down 
the  die  quickly  in  that  portion  where  the  tablet  is  compressed, 
and  by  the  constant  wear  the  die  is  widened  at  this  spot,  especially 
at  the  point  of  the  upper  and  lower  surface  of  the  tablet  where 
there  is  the  most  wear,  hence  the  tablet  is  slightly  wider  than  the 
bore  of  the  remaining  portion  of  die.     In  being  forced  upwards 
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to  be  expelled  from  the  die,  the  tablet  is  forced  into  a  narrower 
space  than  that  into  which  it  had  been  compressed,  which  tends 
to  bend  it  and  loosen  the  flat  or  convex  upper  or  lower  surface, 
which  may  readily  be  split  off  by  the  thumb  nail,  but  which  will 
fall  off  spontaneously  after  the  tablet  has  been  shaken  about  some 
little  time.    This  is  termed  "  capping." 

The  best  remedy  for  the  "  capping "  is  a  hard-tempered  die ; 
but  this  is  not  always  at  hand.  Dampening  the  granulation  very 
slightly  with  water  will  prevent  it ;  but  this  increases  the  adhesive 
qualities,  and  the  material  is  more  liable  to  stick  to  the  punches. 
However,  if  these  are  smooth  and  well  polished,  little  trouble  will 
be  experienced  from  the  sticking  qualities. 

Reducing  the  pressure  is  another  remedy ;  but,  if  the  punches 
are  not  in  good  condition,  the  material  will  stick  to  them. 

Changing  the  weight  of  the  tablet  is  still  another  remedy,  the 
tablet  to  be  compressed  in  a  portion  of  the  die  that  is  not  worn. 
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EXTRACTA— (JEc^racte). 

Extracts  are  solid  or  semi-solid  preparations  obtained  by  the 
evaporation  of  solutions  of  the  medicinal  principles  of  drugs. 

According  to  the  solvent  employed  in  exhausting  the  drug 
they  are  designated  as  alcoholic,  hydroalcoholic,  aqueous,  ethereal, 
acetic,  or  ammoniated  extracts. 

The  strength  of  these  preparations  bears  no  definite  relationship 
to  the  d  rug,  for  the  amount  of  solid  extract  *  obtained  depends  on  the 
nature  of  the  drug,  the  solvent  employed,  and  the  mode  of  prepara- 
tion. The  more  aqueous  the  menstrua,  the  greater  is  the  yield  of 
extract,  the  more  alcoholic  the  menstrua,  the  smaller  the  yield. 

It  must  be  remembered  that  the  activity  of  most  drugs  resides, 
as  a  rule,  in  certain  definite  principles,  which  generally  constitute 
the  smallest  portion  of  the  bulk  of  an  extract ;  the  other  constitu- 
ents of  the  drug,  embracing  gums,  starch,  inert  extractive, 
coloring  matters,  etc.,  constitute  the  larger  inert  portion  soluble  in 
water.  Hence,  the  solvent  selected  for  extraction  must  be  such  as 
to  take  up  all  the  active,  with  as  little  of  the  inert  matter  as  pos- 
sible. If  an  unscrupulous  manufacturer  were  to  employ  water  or 
a  feebly  alcoholic  menstruum  for  extracting  a  drug  whose  active 
principles  are  soluble  in  alcohol  only,  he  would  obtain  a  large 
yield  of  inert  extractive  matter,  while  his  neighbor  who  employs 
alcohol  only,  would  obtain  a  very  small  yield  of  a  very  active  pre- 
paration. If  both  products  were  sold  in  the  market  at  equal 
rates,  the  former  would  be  a  fraud  upon  the  public.  Extracts 
also  vary  in  consistence.  Some  are  as  liquid  as  honey,  others 
have  the  consistence  of  a  pill  mass,  and  still  others  are  hard  and 
dry,  hence  there  is  not  likely  to  be  any  uniformity  of  strength, 
with  such  variations  as  these.  Therefore,  unless  there  is  some 
guarantee  of  intrinsic  value  based  on  its  alkaloidal  strength  or 
physiological  activity,  no  reliance  can  be  placed  on  the  strength 
of  one  extract  as  compared  with  another. 

Solid  extracts  are  prepared  either — 

(a)  From  the  dried  and  powdered  drug,  by  extraction  with  a  solvent, 
or — 
(6)  From  the  fresh,  moist  drug,  by  expression  alone. 


*  Prepared  with  oj^leioi  menstrua  (U.  B.  Pharmaoopoela,  1880),  the  jieM  in  extract  ia,  acoordlng  to 
J.  Lammer,  Jr.,  "Proceed.  Amer.  Ptaar.  Association/'  1887,  p.  86: — 

J^tf  e^nt,  x7?r  cent. 

Extractam  Aconitl, 12.76       Extractom  Hroecyami  (ale) 16.64 

•♦         Aloes 91.54  "         Irldis, 8.90 

**         Aroicse  Radicis, 19.53  "         Juglandis, 16.82 

"         Belladonntt  Alooholicam,   .  .  .  82.28  '*         Krameris 8.40 

"         Cannabis  Indicoe, 16.56  "         Leptaiidne 15.97 

"         Cincbonse, 26  40  *'         Mezerel, 7.10 

"         Colobici  Radids» 23.20  "         Nucis  Vomlcse 6.17 

"         Colocynthidis 15.13  "         Opii 49.60 

•'         Conii 10.73  "         PhTsostigmatiii, 6.20 

"         Digitalis, 25.50  "         PodopbyUi, 8.31 

"         Euonjml 18.31  •*         Quassiie, 2.24 

"         Gentian*. 44.60  "         Rhei, 2.5.66 

"         Glycyrrbiwe  Purum, 25.32  "         Stramonil, 14.02 

"         Hsmatoxyli, 5.30  '*         Taraxaci, 11.30 
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(a)  When  solid  extracts  are  prepared  from  the  dried  drags  by 
extraction,  the  following  rules  should  be  observed: — 

1st.  Only  the  best  obtainable  drag  should  be  employed.  Poor 
drugs  cannot  be  expected  to  yield  active  preparations ;  it  is,  there- 
fore, advisable  to  exercise  the  greatest  care  in  their  selection. 

2d.  That,  whatever  process  of  extraction  is  employed,  it  should 
be  carried  to  as  complete  an  exhaustion  of  the  drug  as  possible. 
Extraction  is  effected  by  the  process  of  maceration  (15-20^  C.  for 
24  to  48  hours),  or  digestion  (35-40®  C.  for  12  hours)  with  expres- 
sion ;  or  by  percolation. 

3d.  That  the  menstruum  selected  will  deprive  the  drug  of  its 
active  principles  with  as  little  inert  matter  as  possible.  The  vari- 
ous menstrua  directed  by  the  Pharmacopoeia  have  been  selected 
with  this  view;  hence,  an  alteration  of  the  menstruum  with  a  view 
to  economy  is  a  reprehensible  practice. 

4th.  The  concentration  of  the  liquid  extract  of  the  drug  should 
take  place  as  rapidly,  and  at  as  low  a  temperature  as  possible. 
Under  no  circumstances  should  it  be  heated  over  a  direct  flame. 

The  greatest  care  is  necessary  in  conducting  the  evaporation 
of  extracts  from  such  drugs  as  conium,  blackhaw,  valerian,  etc., 
for  in  these  the  virtues  reside  mainly  in  volatile  products ;  hence 
the  slightest  degree  of  overheating  destroys  their  therapeutic 
value.  The  ternperature  of  a  water-bath  or  carefully  regulated 
steam-bath  is  sufficient,  while  the  fluid  is  being  kept  constantly 
in  motion ;  a  stirring  arrangement,  specially  adapted  for  the  use 
of  the  apothecary  is  shown  in  Fig.  97,  page  72.  The  evaporation 
should  be  conducted  as  rapidly  as  possible  to  avoid  prolonged  heat- 
ing of  the  fluid.  For  this  purpose  the  vacuum  apparatus  is  em- 
ployed (Fig.  106,  page  77).  The  various  methods  of  conducting 
evaporation  are  explained  in  detail  under  Vaporization. 

(6)  Certain  plant  drugs,  when  recently  gathered  and  subjected 
to  expression,  yield  their  juices,  impregnated  with  all  their  active 
principles;  these  juices,  when  evaporated,  constitute  a  class  of 
extracts  generally  known  as  Succi  Spissati,  or  inspissated  juices. 
Among  the  drugs  adapted  to  this  treatment  are  taraxacum, 
belladonna,  hyoscyamus,  and  colchicum.  The  plants  should  be 
worked  up  immediately  after  being  collected,  being  cut  into  pieces 
and  bruised  until  reduced  to  a  pulp.  In  case  the  plant  is  not 
very  succulent,  a  little  water  should  be  added  to  assist  in  diluting 
and  extracting  the  juice.  The  pulp  is  then  enclosed  in  a  canvas 
bag  and  subjected  to  expression.  The  juice  thus  obtained  from 
fresh  plants,  or  leaves,  is  of  a  more  or  less  green  color,  due  to  the 
presence  of  chlorophyll. 

When  heated  to  about  70°  C,  the  albumen  of  the  juice  co- 
agulates, forming  a  precipitate  which  encloses  the  suspended 
impurities.  These  are  readily  removed  by  filtration.  The  sub- 
sequent concentration  is  carried  out  as  already  explained. 
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PHYSICAL  CHARACTERS  AND  PRESERVATION  OF  EXTRACTS. 

The  Pharmacopoeia  recognizes  two  degrees  of  consistence^the 
soft,  or  pilular,  and  the  hard  extract.  The  pilular  consistence 
should  be  such  that  the  extract  readily  admits  being  rolled  into 
pills,  which  retain  their  shape.  Twenty-five  of  the  official  extracts 
should  be  of  this  consistence.  The  pilular  extracts  of  the  market 
vary  considerably  as  regards  their  consistence,  many  being 
exceedingly  soft,  while  others  are  quite  hard. 

The  hard  extracts,  of  which  seven  are  official,  admit  of  being 
reduced  to  powder.  The  dispensing  conveniences  which  a  pow- 
dered extract  offers,  have  led  to  the  general  introduction  of  all  the 
various  extracts  in  powder  form. 

The  indiscriminate  substitution  of  these  powdered  extracts  in 

Elace  of  the  official  pilular  product  is  to  be  condemned,  for  the 
eat  necessary  to  reauce  the  extracts  to  the  proper  degree  of  dry- 
ness is,  in  many  instances,  sufficient  to  destroy  most  or  all  tne 
virtues  of  the  drug  contained  in  them.  Again,  many  extracts 
cannot  be  brought,  by  themselves,  to  a  sufficiently  dry  condition; 
hence,  they  must  be  mixed  with  various  diluents,  such  as  sugar  of 
milk,  starch,  the  powdered  drug  itself,  etc. ;  then  spread  out  in  thin 
layers,  and  exposed  in  a  warm  (30-40°  C),  dry  place ;  then  reduced 
to  a  powder,  and  preserved  in  well-closed  vials.  It  will  be  seen 
from  this,  that  another  cause  of  variation  of  strength  of  these 
powdered  extracts  is  the  admixture  of  inert  matter,  to  which  there 
IS  no  definite  limit. 

Extracts  should  be  preserved  in  closely  covered  jars,  it  being 
best  to  place  the  jar  of  extract  in  a  canister  having  a  close-fitting 
lid.  Some  extracts  readily  dry  out  and  become  very  hard.  In 
such  cases  it  is  well  to  moisten  the  surface  with  a  little  glycerin. 

Other  extracts,  owing  to  the  presence  of.  deliquescent  salts,  are 
quite  hygroscopic,  and  absorb  moisture  readily.  Still  others 
become  inert  on  standing  for  a  long  time,  due  to  an  alteration  of 
their  principles  by  the  action  of  the  air. 

Many  extracts  (as  those  of  stramonium,  hyoscyamus,  bella- 
donna, etc.),  contain  numerous  crystals  of  inorganic  salts  (potas- 
sium nitrate  or  chloride,  etc.).  The  presence  of  these  is  manifested 
by  the  grittiness  of  the  extract  when  rubbed  on  a  slab  under  a 
spatula.  Such  extracts  should  always  be  rubbed  with  a  few  drops 
of  wat^r  before  being  combined  into  ointments  or  suppositories. 

The  official  extracts  are  33  in  number,  25  being  of  pilular 
consistency  and  7  dry.  According  to  the  menstrua  employed 
for  exhaustion,  they  may  be  classified  thus : — 

mie.  I.     ALCOHOLIC   EXTRACTS.  Dose-Grammes. 

Extractum  Aooniti, 0.006-0.016 

''  Cannabis  Indicee, 0.00&-0.06 

amidfngas,      0.2    -0.3 

India, 0.06  -2.0 

.Talapte 0.1    -0.3 

Phyaostiginatis, • .    .    .    .  0.006-0.03 


(t 
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II.     HYDRO-ALCOHOLIC  EXTRACTS. 

Extractum  Amicse  Radids, 0.1    --0.3 

'*  BelladonDffi  Folioram  Alcobolicnm, 0.008-0.05 

**  Cinchonse, 1.      -2.0 

**  Colocynthidis, 0.03  -O.I 

'*  Conii  (with  acetic  acid), O.Ol  -0.1 

"  Di|?itali8 0.008-0.06 

"  Ergotae  (with  acetic  acid), 0.2    -1.0 

**  Euonymi,     0.06  -0.2 

"  Hyoscyarai,     0.06  -0.2 

Juglandis, 0.3    -0.2 

*'  LeptandrsB 0.06  -0  3 

"  Nucis  VomicBB  (with  acetic  acid), 0.01-0.06 

*'  PodophyUi,      0.06  -0.3 

**  Rhei, 0.3    -1.0 

"  Stramonii  Semiois, 0.01  -0.2 

Uv8B  Urei, 0.3    -1.0 

IIL     AQUEOUS   EXTRACTS. 

Extractum  Aloes, 0.2    -0.6 

Colchici  Radicis  (with  acetic  acid), 0.06  -0.1 

Gentianae, 0.3    -0.6 

'*         GlycyrrhizsB, 

GlycyrrhizsB  Param  (with  ammonia  water), 

Haematoxyli, 0.3    -2.0 

Krameriae, 0.3    -2.0 

Opu, 0  01  -0.06 

•*  Qaaasiie, 0.06  -2.0 

Taraxaci,      0.6    -2.0 


it 


i4 
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IV.     COMPOUND  EXTRACTS. 
Extractum  Colocynthidis  Compositum,      0.3    -1.5 

EXPLANATORY. 

Extractum  Nucis  VoMiCiE. — The  menstruum  selected  for  the 
extraction  of  nux  vomica  must  be  of  such  a  character  that  it  will 
readily  take  up  the  alkaloidal  principles  and  yet  as  little  of  the 
fatty  oil  as  possible.  The  forty-eight  hours'  maceration  with  the 
acidified  menstruum  of  alcohol,  3  parts,  and  water,  1  part,  is 
necessary  for  the  softening  of  the  tissues  preparatory  to  extrac- 
tion. The  presence  of  the  acetic  acid  greatly  assists  the  solution 
of  the  alkaloids.  As  the  extract  is  directed  to  be  reduced  to  a 
powder,  it  is  necessary  to  first  remove  the  fixed  oil  present.  This 
13  accomplished  by  washing  the  extract  obtained  from  the  con- 
centration of  the  percolates  with  ether. 

Since  some  of  the  alkaloids  are  associated  with  the  fat  which 
lias  been  removed,  it  is  necessary  to  remove  these  by  washing  the 
fat  with  acetic  acid  and  hot  water. 

After  completion,  a  portion  of  the  extract  is  assayed  for  alka- 
loids. In  another  portion,  the  amount  of  water  is  determined. 
From  these  results  the  total  percentage  of  alkaloids  in  the  dry 
extract  is  calculated,  enough  sugar  of  milk  being  added  to  bring 
the  amount  of  total  alkaloids  in  the  dry  extract  up  to  15  per  cent. 

Example, — A  sample  of  extract  of  nux  vomica,  prepared  by  the 
process  of  the  U.  S.  r harmacopoeia,  assayed  16  per  cent,  of  alka- 
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loids,  and  contained  22  per  cent,  of  moisture.  How  much  sugar 
of  milk  should  be  added  to  bring  it  to  the  pharmacopoeial  require- 
ment of  15  per  cent,  of  alkaloids  when  dry  ? 

I.  Since  the  moisture  or  water  which  is  present  has,  eventually, 
all  to  be  evaporated  off,  it  need  not  be  taken  into  account  further 
than  to  deduct  it  from  100,  whereby  the  percentage  of  dry  extract 
is  obtained.  The  further  calculation  will  have  to  deal  only  with  this. 

The  extract  contains  100  —  22  =  78  per  cent,  of  dry  substance. 
According  to  the  assay,  the  100  parts  of  moist,  or  78  parts  of  dry 
extract  contain  16  parts  of  alkaloids.  The  next  step  will  be  to 
ascertain  how  much  of  these  78  parts  of  dry  extract  will  contain 
15  parts  of  alkaloids : — 

(Equation  L)  16  :  15  ::  78  :  a; ;    x  =  73.125. 

Since  73.125  parts  of  the  dry  extract  contain  15  parts  of  alka- 
loids, it  will  only  be  necessary  to  dilute  these  73.125  parts  with 
sugar  of  milk  to  100  parts  in  order  to  convert  the  15  parts  of 
alkaloids  into  percentage : — 

(Equation  2.)  100  —  73.125  =  26.875. 

That  is,  for  every  73.125  of  dry  extract,  26.875  parts  of  sugar  of 
milk  will  have  to  be  added.  But  the  original  extract  contains  78 
parts  of  dry  substance.  Hence,  the  amount  of  sugar  of  milk 
required  for  this  (which  is  ecjual  to  100  parts  of  the  moist  extract) 
will  be  found  by  the  proposition : — 

{Equaiion  S. )  73.125  :  78  =  26.875  ix,   x  =  28.667  parts. 

II.  The  same  result  may  be  arrived  at  in  another  manner. 
The  extract  contains  100  —  22  =  78  per  cent,  of  dry  substance, 

and  this  contains  16  parts  of  alkaloids.  Calculated  to  percentage, 
this  would  become : — 

{Equation  4>)  78  :  100  =  16  :  a: ;    a;  =  20.513. 

That  is,  100  parts  of  a  dry  extract  of  the  same  strength  as  the  78 
parts  just  mentioned,  would  contain  20.513  parts  of  the  alkaloids. 
Now,  since  every  15  parts  of  alkaloids  are  augmented  in  this  pro- 
duct to  20.513  parts,  it  will  only  be  necessary  to  dilute  the  original 
extract  with  sugar  of  milk  in  the  proportion  of  15  to  20.513 : — 

{E^^ion  6.)  15  :  20.513  =  78  of  dry  extract  (=  100  moist)  :  ar. 

X  =  106.667. 

That  is,  to  every  78  parts  of  dry  extract,  or  to  every  100  parts 
of  moist  extract,  there  will  have  to  be  added : — 

{Equation  6. )  106.667  —  78  =  28.667  parts  of  sugar  of  xnUk. 

III.  Based  upon  either  of  the  foregoing  methods,  which  are  really 
identical  and  differ  only  in  form,  a  general  formula  may  be  derived. 
Let  the  several  values  be  expressed  by  letters,  as  follows : — 

m  =  percentage  of  moisture  in  the  moist  extract. 

a  =  *•  **  alkaloids     '*  "         ** 

d  =         "         "  dry  substance        "         " 

z  =  amount  of  sugar  of  milk  required  to  be  added  to  every  100  parts 
of  the  moist  extract,  to  make  it  contain  15  per  cent,  of  alka- 
loids, when  dry. 
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Then  we  have,  using  equation  (3),  but  substituting  in  it  general 
terms  derived  from  equations  (1)  and  (2),  and  remembering  that 
d  =  100  —  m :— 


15  d  .  J  /ityQ 15  di 

X  ==  6.067  a  —  d. 


{Equation  7.)  liH  :  d  =  (100  —  ^)  :  a?. 


Or,  we  may  derive  this  value  from  equations  (6)  and  (5),  in  a 
similar  manner : — 

(Equations.)  ^^  — d  =  a:;    a:  =  6.667  a  —  d. 

15 

The  rule,  therefore,  expressed  in  words,  would  be :  "  To  find 
the  amount  of  sugar  of  milk  required  to  be  added  to  100  parts 
of  moist  extract  of  nux  vomica  of  known  percentage  of  alkaloids 
and  moisture,  in  order  to  make  it  contain  15  per  cent,  of  alka- 
loids when  dry,  multiply  the  percerUage  of  alkaloids  found  with 
6.667,  and  deduct  therefrom  the  percenJtage  ofmmsture" 

Assay  of  Extract  of  Nuz  Vomica : — 

Extract  of  Nux  Vomica,  dried  at  lOO""  C.  (212''  F.),  two  grammes,  (2  Gm.). 

Alcohol, 

Ammonia  Water, 

Water, 

Chloroform, 

Decinormal  Sulphuric  Acid  (V.  S.), 

Gen ti normal  Potassium  Hydrate  V.  S.,  each,  a  sufficient  qtuintity, 

"  Put  2  Gm.  of  the  dried  Extract  of  Nux  Vomica  into  a  glass 
separator,  add  to  it  20  Cc.  of  a  previously  prepared  mixture  of 
2  volumes  of  alcohol,  1  volume  of  ammonia  water  (specific  gravity 
0.960),  and  1  volume  of  water,  and  shake  the  well-stoppered  sepa- 
rator until  the  extract  is  dissolved.  Then  add  20  Cc.  of  chloroform 
and  agitate  during  five  minutes.  Allow  the  chloroform  to  separate, 
remove  it  as  far  as  possible,  pour  into  the  separator  a  few  Cc.  of 
chloroform,  and,  without  shaking,  draw  this  off  through  the  stop- 
cock to  wash  the  outlet-tube.  Repeat  the  extraction  with  two 
further  portions  of  chloroform  of  15  Cc.  each,  and  wash  the  outlet- 
tube  each  time  as  just  directed.  Collect  all  the  chloroformic 
solutions  in  a  wide  beaker,  expose  the  latter  to  a  gentle  heat,  on  a 
water-bath,  until  the  chloroform  and  ammonia  are  completely 
dissipated,  add  to  the  residue  10  Cc.  of  decinormal  sulphuric  acid 
measured  with  great  care  from  a  burette,  stir  gently,  and  then  add 
20  Cc.  of  hot  water.  When  solution  has  taken  place,  add  2  Cc. 
of  brazil  wood  T.  S.,  and  then  carefully  run  in  centinormal  potas- 
sium hydrate  V.  S.,  until  a  permanent  pinkish  color  is  produced 
by  the  action  of  a  slight  excess  of  alkali  upon  the  brazil  wood 
indicator.  Divide  the  number  of  Cc.  of  centinormal  potassium 
V.  S.  used  by  10,  subtract  the  number  found  from  10  (the  10  Cc. 
of  decinormal  acid  used),  multiply  the  remainder  by  0.0*364  and 
that  product  by  50  (or,  multiplied  at  once  by  1.82),  which  will 
give  the  percentage  of  total  alkaloids  in  the  Extract  of  Nux 
Vomica,  it  being  assumed  that  strychnine  and  brucine  are  present 
in  equal  proportion,  and  the  above  factor  being  found  by  taking 
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the  mean  of  their  respective  molecular  weights  rounded  off  to 
whole  numbers  [(334  +  394)  -f-  2  =  364.]  (U.  S.  Pharmacopoeia.)" 

As  to  the  glass  separator,  the  bulbed  or  pear-shaped  form  (50  Cc. 
capacity)  as  shown  in  Fig.  296,  should  be  used.  The  extract 
readily  dissolves  in  the  mixture  of  alcohol  and  water,  the  ammonia 
water  serving  to  liberate  the  alkaloids  from  their  combination 
with  igasuric  acid ;  the  chloroform  added  dissolves  the  liberated 
alkaloids.  After  the  chloroform  is  added,  the  mixture  should  be 
shaken  by  a  rotary  motion  in  order  to  avoid  emulsification.  When 
the  chloroform  once  becomes  emulsionized,  it  is  a  difficult  matter 
to  bring  about  a  separation  of  the  fluids.  After  the  usual  number 
of  subsequent  extractions,  the  chloroformic  solutions,  upon  evap- 
oration, yield  an  alkaloidal  residue  consisting  of  a  mixture  of 
strychnine  and  brucine,  assumed  to  be  in  equal  proportions. 

Alkaloids,  being  strong  bases,  are  capable  of  neutralizing  acids 
in  definite  pioportions.  Hence,  the  usual  method  of  estimating 
alkalies  by  means  of  a  standard  solution  of  an  acid  can  be  applied 
to  certain  alkaloids  with  a  grw^t  degree  of  accuracy.  The  reaction 
is  as  follows : — 

2H^4  4-  2C«H„NA  +  2Q,H-N,04 = (C„H„N A)  ASO*^-  (CUHmN .OJiH^SO^ 
Salphuric  Acid.    Strjcnnine.  Brucioe;  Strychnine  Salpbate.  Bniolne  Sulphate. 

2  X  97.82  2  X  333.81  2  X  893.17 

One  molecule  of  Sulphuric  Add.         strychnine.  Brucine. 

97.82       =       333.31    +    393.17  =  726.48  total. 

1000  Cc.  -^  containing  48.91       =       363.24  {i  of  726.48)  alkaloids. 

1  Cc.     ''  '*  0.04891  =  0.0364  alkaloids. 

Hence  each  cubic  centimeter  of  decinormal  sulphuric  acid  is' 
equivalent  to  0.364  gramme  of  total  alkaloids.*  Since  the  usual 
indicators  are  not  sufficiently  sensitive  in  the  presence  of  the 
alkaloids,  the  Pharmacopoeia  directs  the  use  of  Brazil-wood  test 
solution,  which  strikes  a  yellow  color  with  acids  and  a  pinkish 
color  with  alkalies.  When  operating  with  this  indicator,  it  is 
always  advisable  to  place  alongside  of  the  actual  test-sample,  on 
a  piece  of  white  paper,  two  beakers,  each  containing  a  like  volume 
of  water  and  indicator,  to  one  of  which  about  1  Cc.  of  the  normal 
acid  has  been  added,  and  in  the  other  the  equivalent  amount  of 
alkaline  volumetric  solution ;  with  these  beakers  as  a  means  of 
comparison,  the  change  of  color  in  the  solution  for  assay  can  be 
more  conveniently  fixed. 

Example, — The  chloroformic  residue  obtained  from  2  grammes 
of  extract,  which  has  been  dissolved  in  10  Cc.  of  decinormal 
sulphuric  acid,  required  28  Cc.  of  centinormal  potassium  hydrate 
V.  S.  for  neutralization.  What  percentage  of  total  alkaloids  does 
the  extract  contain  ? 

We  have  dissolved  the  alkaloids  in  an  excess  (10  Cc.)  of  the 
decinormal  acid.  In  order  to  ascertain  how  much  of  the  acid 
has  not  been  neutralized  by  the  alkaloids,  we  titrate  back  with 

*  Assuming  them  to  be  present  in  equal  proportions. 
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centinormal  potassium  hydrate,  and  subtract  the  equivalent 
amount  of  the  latter  from  the  former,  thus:  10  Cc.  of -j^  HjSO^, 

minus  1.6  Cc.  of  -^  KOH  (which  is  the  same  as  16  Cc.  of  j^  KOH), 

leaves  8.4  Cc.  of  decinormal  acid  which  has  been  neutralized  by 

the  alkaloids.    Then,  if  1  cubic  centimeter  of  ^  H2SO4  =  0.0364 

Gm.  of  alkaloid,  8.4  Cc.  of  the  acid  =  8.4  X  0.0364  =  0.3057  Gm. 
of  alkaloid.  Therefore,  there  are  0.3057  Gm.  of  total  alkaloids 
(strychnine  and  brucine)  present.  The  percentage  may  be  found 
as  usual  (0.3057  -f-  2  X  100  =  15.28  per  cent.),  or  as  directed  by 
the  Pharmacopoeia  by  multiplying  by  50  (50  X  0.3057)  =  15.28 
per  cent. 


I 
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ABSTRACTA  {Ah^tracts). 

Abstracts  are  powdered  extracts,  the  strength  of  which  .bear 
a  definite  and  uniform  relation  to  the  drug.  This  class  of  pre- 
parations were  introduced  into  the  Pharmacopoeia  of  1880,  but 
because  of  their  unpopularity*  they  were  dropped  from  the 
present  Pharmacopoeia  of  1890.  The  strength  of  the  abstracts 
represents  twice  that  of  the  drug  or  of  the  fluid  extract  from  which 
they  are  prepared. 

The  general  formula  directed  by  the  Pharmacopoeia  of  1880  is 
as  follows : — 

"  Drug,  in  No.  60  powder,  two  hundred  parts  [or  four  ounces  av.] ; 
Sugar  of  Milk,  recently  dried  and  in  fine  powder.  Alcohol,  each,  a 
mffi^yievvt  qaantityj  to  make  one  hundred  parts  [or  two  ounces  av.]. 
Moisten  the  drug  with  eighty  parts  [or  one  and  three-quarter  fluid- 
ounces]  of  Alcohol,  and  pack  flrmly  in  a  cylindrical  glass  perco- 
lator ;  then  add  enough  Alcohol  to  saturate  the  powder  and  leave 
a  stratum  above  it.  When  the  liquid  begins  to  drop  from  the 
percolator,  close  the  lower  oriflce,  and,  having  closely  covered  the 

f)ercolator,  macerate  for  forty-eight  hours.  Then  allow  the  perco- 
ation  to  proceed,  gradually  adding  Alcohol,  until  the  drug  is 
exhausted.  Reserve  the  first  one  hundred  and  seventy  parts  [or 
three  and  one-half  fluidouncesl  of  the  percolate,  evaporate  the 
remainder  to  thirty  parts  [or  half  a  fluidounce]  at  a  temperature 
not  exceeding  50°  C.  (122°  F.)  and  mix  with  the  reserved  portion. 
Place  the  mixture  in  an  evaporating  dish,  and,  having  added  ^y 
parts  [or  one  ounce  av.]  of  Sugar  of  Milk,  cover  it  with  a  piece  of 
thin  muslin  gauze,  and  set  aside  in  a  warm  place,  where  the 
temperature  will  not  rise  above  50°  C.(122°  F.),  until  the  mixture 
is  dry.  Lastly,  having  added  enough  Sugar  of  Milk  to  make  the 
mixture  weigh  one  hundred  parts  [or  two  ounces  av.],  reduce  it  to 
a  fine,  uniform  powder.  Preserve  the  powder  in  a  well-stopped 
bottle." 

The  abstracts  recognized  by  the  U.  S.  Pharmacopoeia  of  1880 
were  Abstractum  Aconiti,  Belladonnse,  Conii,  Digitalis,  Hyos- 
cyami,  Ignatise,  Jalapse,  Nucis  vomicae,  Podophylli,  Senegse,  and 
Valerianae. 

*  It  is  unfortunate  that  this  clam  of  preparatf  one  of  definite  and  uniform  strength  nhould  not  be 
able  to  supplant  a  class  characterized  oy  so  little  uniformity  and  so  great  a  variation  as  the  solid 
extracts. 
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RESINiE— (i^otVw). 

These  are  solid  preparations  usually  obtained  by  exhausting 
certain  drugs  with  alcohol  and  precipitating  the  resinous  prin- 
ciples by  addition  of  water. 

The  procedure  is  applied  to  those  drugs  whose  activity  resides 
in  resinous  principles. 

The  Pharmacopoeia  recognizes  four  resins,  three  of  which  are 
prepared  in  the  following  manner :  The  drug  is  exhausted  with 
alcohol;  after  concentration  of  this  alcoholic  extract  to  a  syrupy 
consistence  it  is  poured  slowly,  with  constant  stirring,  and  in  a 
thin  stream,  into  a  large  excess  of  cold  water,  the  precipitate  is 
allowed  to  subside,  washed  by  decantation,  strained  off,  and  dried 
with  a  gentle  heat.  Resin  of  podophyllum  is  precipitated  with 
acidulated'*'  water,  in  order  to  facilitate  its  separation,  the  acid 
imparting  at  the  same  time  a  brighter  yellow  color  to  'the  resin. 
The  water  used  in  precipitating  this  resin  should  be  cold^  and  the 
resin  dried  by  exposure  to  air  m  a  cool  place.  Resin  of  copaiba, 
being  one  of  the  two  constituents  of  balsam  of  copaiba,  is  more 
readily  separated  by  distilling  off  the  volatile  oil. 


Title, 
Kesina  Copaibie, 


**    Podophylli,    .   . 
**     Scammonii,    .   . 


RESINiE,  U.  8.  P. 

Preparation, 

Product  remaining  after 

distillation. 
Precipitation.. 


n 


Dose. 
0.3  to  1.5  6m. 

0.1  to  0.3  Gm. 
0.008  to  0.05  Gm. 
0.2  to  0.6  6m. 


RESINOIDS— (JSbfocric). 

These  are  a  class  of  resinous  powders  or  medicinal  substances 
obtained  bv  precipitation  of  the  alcoholic  tinctures  of  certain 

Slants  or  plant-parts,  either  by  means  of  water  alone  or  aided  by 
eat,  or  by  acids  or  other  agents. 

If  the  drug  contains  an  oleoresin,  it  is  necessary,  in  order  to 
bring  the  precipitate  to  a  powder  form,  to  mix  it  with  a  sufficient 
quantity  of  the  powdered  drug. 

Such  resinoids  as  hydrastin  and  sanguinarin  are  precipitated 
in  water  acidulated  with  an  acid  or  rendered  slightly  alkaline 
with  ammonia  water. 

These  preparations,  the  names  of  which  generally  end  in  -Vn, 
should  not  be  confounded  with  the  similarly  sounding  alkaloids 
or  other  active  plant  principles. 

They  vary  greatly  in  their  activity,  owing  to  various  impurities 
and  to  the  fact  that  many  do  not  represent  all  the  virtues  of  the 
plants  from  which  they  are  obtained. 


*  Water  containing  alum  is  also  employed,  but  yields  a  product  contaminated  with  alumina. 
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The  following  list  includes  most  of  these  preparations,  with 
their  average  doses,*  such  as  are  given  by  eclectic  authorities : — 


■    •    •    ■ 


Aconitin,  . 
AletriD,  .  . 
AlDuiu,  .  . 
Ampelonsin, 
Apocyaiu, 
Atropin,  . 
Asclepin,  . 
Baptisin,  . 
Barusmin, 

BetiD 

Bryonin, 

Caulophyllln,  .  .  . 

Ceraaein, 

Chelonin, 

Chimaphilin,  .  .  . 
Chioaanthin,  .  .  . 
Clmicifugln,  .  .  . 
CoIliDflomn,  .  .  .  . 
Colocynthin,    .  .   . 

Comin^ 

CorydaliD,  .  .  .  . 
Crpripedin,     .  .  . 

Dlgitalln 

Dioflcorein,  .  .  . 
Ergotin,  .  .  .  . 
Erythroxylin,  .  . 
Euooyniin,  .  .  .  . 
Eupatorin  (Perf.), 
Eupatorin  (Purp.), 
Euphorbin,  .  .  .  . 
Eupurnurln,    .  .  . 

Fraaerin, 

Gelaemin,     .  .  . 

Geraniln, 

(loasypiin,  .  .  .  . 
Hamamelin.  .  .  . 
Helonin, 


Obtained  fnm 

Aconite  Root, . 
Star  Grass,    .  . 
Tag  Alder  Bark, 
American  Ivy, 
Bitter  Root,     . 
Belladonna,  .  . 
Pleurisy  Root,     . 
Wild  Indigo  Root, 
Bucha,   .  .   . 
Beets,  .   .  . 
White  Bryony, 
Blue  Cohosh, 
Choke  Cherry, 
Balmony,  .  . 
Pinsissewa,  . 
Fringe  Tree, 
iSe«  Maerotin^ 
Stone  Root,  . 
Bitter  Apple, 
Dogwood, 
Turkey  Pea, 
Lady  Slipper, 
Foxglove,  .  . 
Wild  Yam,    . 
Ergot,     .  .  . 
CoMiLeayes, 
Wahoo,  .  .  . 
Boneset, 
Queen  of  Meadow, 
Blooming  Spurge,  . 
Queen  of  Meadow, 
American  Colombo, 
Yellow  Jessamine, 
Craneabill,    .  .  .  . 
Cotton  Root,    .  .  . 
Witch  Hasel,   .  .  , 
False  Unicom,    .  . 


\ 


Average 
dote  in 
graint. 

2-10 

2-4 

1-1 

^1 

1-  S 
2-8 

2-  4 
2 

-  6 
2-10 
1-  2 
2-8 
1-8 

t\ 

t\ 

1-3 
1-  8 

i 

1-  8 
1-  4 

t\ 

1-  8 

*-l 
1-3 

1-5 

1-  3 

2-4 


I 


Hydrasiin,    .  . 
Hydrastin  Mur., 
Hydrastin  8ul 
Hydrastin  Nit 
Hydrastin  Phos., 
Hyofloyamin, 
Inulin,   .  . 
Irisin,     .  . 
Jalapin, 
Juglaudin, 
Leontodin, 
Leptandrin, 
LoDelln.     . 
Lupulln,    . 
Lvcopin,    . 
Macrotin,  . 
Menispermln 
Myricin,    . 
Phytolaccin, 
Pmnin,  .  . 
Populin,    . 
Podophyllin, 
Podophyllin  Neut., 
Ptelefn,  .  . 
Rhein,    .  . 
Rhusin,  .  . 
Romin,  .  . 
Sanguinarin, 
Soutellarin, 
Senecin,     . 
Smilacin,  . 
Stilllngin, 
Trilliin, 
Veratrln,  . 
Vibumin,  . 
Vibiimln  Pmnif., 
Xanthozylin,  .  . 


<< 


Average 
Obtained  from  dose  tn 

,grains. 
Goldenseal,  ....'.     1-2 
Goldenseal(Berberina)    1-3 
••  "  i_  2 

1-  2 
1-  2 

\zl 

?-  4 

1-  S 

2-  5 
2-  4 
2-  4 

\:l 

1-  4 

1-  8 

1-  3 

2-  3 
2-  4 

El 

1-  4 
1-2 
1-8 
1-  8 
1-2 

1-  3 

2-  5 
1-8 
2-4 


Henbane,  .  . 
Elecampane, 
Blue  Flag, .  . 
Jalap, .... 
Butternut,    . 
Dandelion,    . 
Culvers  Root, 
Lobelia, .  .   . 
Hopf>,  .   . 
Bugle  Weed, 
Black  Cohofih, 
Yellow  Parilla, 
Bayberry, .  . 
Poke  Root,    . 
Wild  Cherry, 
Poplar,  .  .  . 

Mandrake,    . 

li 

Wafer  Ash,  . 
Rhubarb,  .  . 
Sumach,     .  . 
Yellow  Dock, 
Blood  Root,  . 
Scullcap,    .  . 
Life  Root, 
Sarsaparilla 
Queen's  Root, 
Beth  Root,    . 
Am.  Hellebore, 
Cramp  Bark, 
Black  Haw,  . 
Prickly  Ash, 


(Hon 


.) 


1-  8 
1-2 


*  These  drugs  are  subject  to  some  varUtion,  aooording  to  the  manufacturer. 


CHAPTER  XXX Y. 

U.    FOB  EXTERNAL  USE. 

UNGUENTA— (  Omtmekts). 

Ointments  are  soft,  unctuous  preparations,  composed  of  fats, 
generally  medicated,  which  are  applied  to  the  skin  ll)y  inunction. 

An  ointment  consists  of  medicinal  agents  combined  with  a  base, 
w^hich  is  generally  of  the  consistence  of  lard. 

Base. — The  U.  S.  Pharmacopoeia  directs,  in  most  instances,  the 
use  of  benzoinated  lard  or  simple  ointment.  Among  other  bases 
proposed  and  in  use  are  petrolatum,  wool-fat,  diachylon  oint- 
ment ;  mixture  of  yellow  wax  (3  parts)  and  olive  oil  (7  parts), 
mixtures  of  such  fats  as  spermaceti,  suet  or  cacao-butter  with 
almond  oil;  mixture  of  expressed  oil  of  nutmeg  (6  parts),  olive 
oil  (2  parts),  yellow  wax  (1  part),  etc. 

The  three  most  popular  bases,  namely,  benzoinated  lard,  wool-fat, 
and  petrolatum,  should  not  be  used  indiscriminately. 

Petrolatum  is  not  adapted  for  use  as  an  absorbent  base.  For 
this  reason  it  should  never  be  substituted  where  lard  or  wool-fat 
is  directed.    It  answers  as  a  bland  neutral  protective  dressing. 

Wool-fat  forms  the  best  basis  for  dermal  medication ;  it  is  more 
readily  absorbed  by  the  skin  than  lard,  does  not  become  rancid, 
and  is  miscible  with  ac^ueous  solutions  to  the  extent  of  its  own 
weight.  When  inorgainc  salts  are  to  be  combined  with  it,  they 
should  be  first  dissolved  in  a  little  water,  and  then  added  to  the 
wool-fat. 

Lard  is  not  as  readily  absorbed  by  the  skin  as  wool-fat,  but 
owing  to  its  cheapness,  and  the  readiness  with  which  it  may  be 
purified,  it  forms  the  most  popular  basis.  It  is  often  objection- 
able because  of  its  tendency  to  rancidity ;  but,  if  properly  purified 
and  benzoinated,  it  can,  with  care,  be  kept  almost  indefinitely. 

Ointments,  according  to  the  method  of  preparation,  are  made 
either  (1)  by  fusion,  (2)  by  mechanical  admixture,  or  (3)  by  chemical 
reaction. 

1st.  By  Fusion. — In  preparing  ointments  by  fusion,  those  sub- 
stances which  have  higner  melting  points  should  be  fused  first, 
then  the  balance  of  the  fats  added,  the  whole  strained,  if  necessary, 
well  stirred,  and,  while  it  cools,  such  additional  substances  incor- 
porated as  may  be  directed.  The  fats  should  be  melted  by  the 
heat  of  a  water-bath,  and  never  directly  over  the  flame. 

2d.  By  Mechanical  Admixture. — A  large  variety  of  substances 
are  directed  to  be  incorporated  into  ointments.  The  admixture 
may  be  accomplished  either  bv  trituration  in  a  mortar  or  by 
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working  the  materials,  on  an  ointment  slab,*  with  a  spatula  (Fig. 
364).  In  handling  such  materials  as  iodine,  corrosive  sublimate, 
salicylic  acid,  tannic  acid,  etc.,  a  steel  spatula  should  not  be  used, 
but,  in  place  of  it,  one  of  horn  or  hard  rubber  should  be  substi- 
tuted. 

When  solids  are  to  be  incorporated,  they  should  be  first  reduced 
to  a  very  fine  powder,  then  intimately  mixed  with  a  small  portion 
of  the  fat,  after  which  the  remainder  is  gradually  and  thoroughly 
incorporated,  until  a  perfectly  homogeneous  mixture  is  obtained. 

Solid  extracts  are  first  reduced  to  a  smooth,  thick  paste  by 
addition  of  a  few  drops  of  a  solvent  (water,  alcohol,  etc.),  and 
rubbing  in  a  mortar,  or  on  a  pill-tile  with  the  spatula ;  then  they 
are  incorporated  with  the  base,  as  directed  above. 

When  comparatively  large  amounts  of  dry  powders  are  directed 
to  be  incorporated  into  an  ointment,  in  order  to  prevent  lumping, 
the  powder  should  be  triturated  in  a  warm  mortar  with  a  portion 
of  the  melted  fat.  When  this  is  reduced  to  a  smooth,  uniform 
paste,  and  the  fat  begins  to  cool,  the  balance  should  be  added 
gradually,  and  the  whole  thoroughly  mixed. 

Fig.  364. 


Ointment  Spatula. 

Soluble  salts,  such  as  zinc  sulphate,  mercuric  chloride,  silver 
nitrate,  etc.,  which  are  prone  to  crystallize,  should  be  rubbed  to  a 
smooth  paste  with  a  little  olive  or  almond  oil  before  being  incor- 
porated ;  glycerin  should  not  be  used  for  this  purpose.  ]So  more 
oil  should  be  employed  than  is  absolutely  necessary. 

Very  soluble  or  deliquescent  salts,  such  as  potassium  iodide  or 
carbonate,  zinc  chloride,  etc.,  should  be  rubbed  with  a  few  drops 
of  water. 

As  exception  to  the  above  procedure,  tartar-emetic  should  be 
mixed,  in  the  state  of  a  fine  powder,  directly  with  the  ointment. 

Alkaloids  should  be  first  dissolved  in  a  little  oleic  acid  before 
being  mixed  with  the  base. 

Aqueous  fluids t  should  be  combined  slowly  by  trituration; 
alcoholic  liquids  are  difficult  to  combine  in  ointments.  If  the 
active  constituents  in  the  alcoholic  liquid  are  not  volatile,  it  may 
be  evaporated  at  a  low  temperature  to  the  consistence  of  an  extract, 
and  then  incotporated  in  the  ointment. 

*  A  convenient  substitute  for  this  is  the  so^salled  Diamond  Ointment  Pad,  made  by  Fgx,  Fultz  A 
Webster,  of  New  York.  This  consists  of  a  block- pad  made  of  parchmentrpaper,  which  is  impervious 
to  fats  and  liquids  of  all  kinds.  Immediately  after  use,  the  soiled  leaf  is  torn  off,  thus  saving  the 
labor  and  time  of  cleansing. 

fl^rd  will  take  up  mechanically  and  hold  about  one-Alth,  Petrolatum  about  one4enth,  and 
Wool-fat  about  its  own  weight  of  aqueous  fluid. 

23 
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The  quantities  of  fat  should  be  weighed  (waxed  paper  being  used), 
and  not  guessed  at.  Immediately  after  the  completion  of  an  oint- 
ment, the  mortar  or  slab  should  be  cleansed  by  rubbing  it  with 
sawdust,  the  last  traces  of  fat  removed  with  paper,  and  the  utensil 
afterward  cleaned  with  soap-suds. 

3d.  By  Chemical  Reaction. — There  is  only  one  oflScial  ex- 
ample of  this,  namely,  ointment  of  mercuric  nitrate  (page  355). 


PRESERVATION  AND  DISPENSING. 

Ointments  should  be  kept  in  well-closed  jars,  in  a  cool  and 
dark  place.  It  is  well  to  cover  the  surface  of  the  ointment  with 
paper  impregnated  with  Tincture  of  Benzoin. 

Never  dispense  an  ointment  which  has  the  slightest  degree  of 
rancidity. 

Fresh  ointments  should  never  be  placed  in  a  jar  containing 
old  ointment,  even  though  there  be  but  traces  present. 

Ointments  should  be  perfectly  smooth  and  free  from  solid 
particles. 

Ointments  should  be  dispensed  in  glass  or  porcelain  jars  (galli- 
pots), imparting  a  smooth  finish  to  the  surface  of  the  ointment 
Wore  dispensing. 

Before  being  refilled,  the  jars  should  be  thoroughly  cleansed. 
Wooden  or  lacquered  pasteboard  boxes  should  not  be  used,  as  the 
fat  quickly  penetrates  and  renders  them  unsightly. 

It  is  often  necessary  to  mask  the  odor  of  certain  medicinal 
agents.  For  this  purpose  Cumarin,  Heliotropin,  or  the  Oils  of 
Rose,  Greranium,  Neroli,  etc.,  are  employed. 

Ointments  of  a  firm  consistence  may  be  spread  on  linen  and 
preserved  in  rolls,  which  forms  a  very  convenient  method  of  dis- 
pensing them. 

The  U.  S.  Pharmacopoeia  recognizes  23  ointments. 


UNGUENTA,  U.  S.  P. 
Title.  I    /Vr  Out,  qf  Active  QyMtituent.   I  Bate. 

Unguentum, Lard,  80  J^  ;  Yellow  Wax, 

I      liO%. 

Acidi  Carbolici, Carbolic  Acid,  5  % . 

Acidi  Tannici, Tannic  Acid,  20  ^ . 

Aquffi  Rosse, 


Belladonnse, Ext.    Belladonna   Leaves, 

10  fr, 

Chrysarobini, Chrysarobin,  6  % . 

Diachylon, • 

Gallae Nutgall,  20%. 

Hydrargyri, Mercury,  50  % . 

Hydrarg\'ri  Ammoniati,     .     Ammoniated    Mercury, 

10%. 


Unguentum. 

Benz.  Lard. 

Spermaceti,  White  Wax, 
Exp.  Oil  Almond, 
Stronger  Rose  Water, 
Sodium  Borate. 

Benz.  Lard. 

Benz.  Lard. 

Lead  Plaster,  Olive  Oil, 

Oil  Lavender  fl. 
Benz.  Lard. 
Lard  and  Suet. 
Benz.  Lard. 
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TUU. 

Unqukntum— 
Hydrargjri  KitratiB,  .   .   . 

Hydrai^gyri  Oxidi  FlaTi,    . 

Hydrargyri  Oxidi  Rnbri,  . 

lodi, 

lodoformi, 

PidiB  Liqnidse, 

Plnmbi  Carbonatis,     .   .   . 
Plambi  lodidi,     .   .   .   .   . 

Potaasii  lodidi, 

Stramonii, 

Salpbaris 

VeratriniB, 

Zind  Oxidif 


Ptr  Omt,  qf  Active  OmkHiuent. 

Mercuric  Nitrate,  about 

Yellow    Mercuric    Oxide, 
10^. 

Red  Mercuric  Oxide,  10  % . 

Iodine,  4^  (withKI). 

Iodoform,  10^. 

Tor,  50%. 

Lead  Caxbonate,  10  %. 

Lead  Iodide,  10  %. 

Potassium  Iodide,  12  %. 

Ext.    Stramonium  Seed, 
10%. 

Washed  Sulphur,  dO  %. 
\  Veratrine,  4  % . 
iZiuc  Oxide,  20%. 


Bate, 

Lard  OU. 

Unguentnm. 

Unguentum. 

Beoz.  Lard. 

Benz.  Lard. 

Yellow  Wax  and  Lard. 

Benz.  Lard. 

Benz.  Lard. 

Benz.  Lard. 

Benz.  Lard. 

Benz.  Lard. 
Benz.  Lard. 
Benz.  Lard. 


EXPLANATORY. 

Unguentum  Hydrarqyri. — On  triturating  or  agitating  mer- 
cury with  certain  solids  or  fluids,  it  will  be  found  that  after  a  time 
the  mercury  gradually  loses  its  metallic  appearance  and  assumes 
a  gray  color.  This  mass,  on  close  examination,  will  be  seen  to 
consist  of  globules  of  mercury  in  a  very  minute  state  of  division. 

To  accomplish  this  subdivision,  or  "  extinction,"  as  it  is  more 
properly  called,  a  great  variety  of  substances  have  been  recom- 
mended, varying  according  to  the  use  for  which  the  mercurial 
preparation  is  intended ;  that  is,  internally  or  externally.  The 
vanous  substances  employed  act  by  enclosing  each  globule  of 
mercury,  as  rapidly  as  separated,  with  a  thin  coat  oi  material, 
which  prevents  it  irom  reuniting  with  the  rest ;  the  presence  of  a 
trace  of  water  causes  the  globules  to  unite  again. 

Among  the  extinguishing  agents  are  chalk,  honey,  fats,  oleic 
acids,  resinous  tinctures,  confection  of  rose,  wool-fat,  mercurial 
ointment,  oleate  of  mercury,  etc. 

Oleate  of  mercury,  as  recommended  by  the  Pharmacopoeia, 
forms  perhaps  one  of  the  best  and  most  satisfactory  extinguidiing 
agents.  The  triturating  should  not  be  accompanied  by  pressure, 
but  the  motion  should  be  light  and  rapid ;  then,  as  soon  as  the 
mercury  has  disappeared  and  a  dull-gray  colored  magma  is 
formed,  the  fused  and  partly  cooled  fats  should  be  gradually 
added  with  continued  trituration,  until  a  portion,  when  spread 
out  in  a  thin  layer  on  a  piece  of  white  paper,  does  not  reveal 
globules  of  mercury  under  a  lens  magnifying  ten  diameters. 

On  the  large  scale  this  subdivision  of  the  mercury  is  carried  on 
by  "  succussion "  in  an  apparatus  operated  by  machinerv,  the 
mercury  being  extinguished  by  means  of  fused  fats  or  powders. 

On  long  standing,  mercurial  ointment  becomes  slightly  darker, 
owing  to  the  oxidation  of  the  mercury. 

Unguentum  Hydrargyri  Nitratis  (Citrine  Ointment). — By 
the  action  of  nitrous  acid  or  mercuric  nitrate  on  the  "  drying 
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oils  "  (olive,  almond,  lard,  neatsfoot,  etc.),  the  olein  of  the  oil  is 
converted  into  an  isomer  called  elaidin,  which  is  characterized  by 
its  yellow  color  and  butyraceous  consistence. 

The  preparation  of  citrine  ointment  depends  on  the  formation 
of  this  elaidin,  which  serves  as  a  vehicle  for  the  mercuric  nitrate. 

The  first  step  of  the  process  is  to  heat  the  oil  with  a  portion  of 
nitric  acid,  which  suffers  reduction  to  nitrous  acid.  The  latter, 
in  turn,  converts  the  olein  into  elaidin.  Care  should  be  taken 
not  to  raise  the  temperature  above  that  directed  (100°  C).  The 
effervescence  produced  is  not  of  a  violent  nature,  but  proceeds 
quietly  and  slowly,  the  liquid:  mass  assuming  thereby  an  orange 
(not  brown)  color. 

After  the  addition  of  the  mercuric  nitrate  the  mass  should  be 
stirred  constantly  until  cold,  by  which  time  it  will  have  assumed 
a  semi-solid  consistence  and  a  bright  lemon-yellow  color.  Over- 
heating causes  the  ointment  to  assume  a  brown  color.  Either  a 
horn,  porcelain,  or  wooden  spatula  should  be  employed  for 
stirring,  because  of  the  readiness  with  which  mercuric  nitrate 
attacks  metals. 
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CER  ATA— (Cerates). 

Cerates  (cera,  wax)  are  a  class  of  preparations  similar  to  oint- 
ments, but  of  a  firmer  consistence. 

They  are  made  by  mixing  oil  or  lard  with  wax,  or  some  other 
substance  having  a  higher  melting  point,  imparting  to  them  a 
consistency  between  that  of  an  ointment  and  plaster.  When 
applied  to  the  skin  they  do  not  melt  like  ointments,  but  retain 
their  soft  consistence.  The  materials  selected  (oil  or  lard)  should 
be  free  from  all  traces  of  rancidity. 

The  wax  or  materials  of  higher  fusing  point  should  be  first 
melted  on  a  water-bath,  then  tne  oil  or  lard  added  in  portions ; 
when  all  is  liquefied,  the  fluid  should  be  stirred  constantly  while 
cooling,  and  tnose  portions  which  congeal  on  the  sides  of  the 
vessel  re-incorporated  until  the  whole  assumes  the  proper  con- 
sistence. 

Cerates  should  be  kept  in  a  cool  place,  in  clean  and  well-covered 
jars.  Those  made  with  white  wax,  owing  to  its  incipient  rancidity, 
are  liable  to  become  rancid,  while  those  containing  yellow  wax 
keep  unaltered. 

Cerates  are  employed  chiefly  as  dressings  for  inflamed  surfaces. 

Steaiiiw* — These  are  a  class  of  preparations  which  have  the 
consistence  of  cerates,  and  contain  suet  combined  with  wax  or 
lead  plaster  as  base. 

The  U.  S.  Pharmacopoeia  recognizes  6  Cerates. 


Ceratam, 

Ceratam  Camphorae, 

Cerattim  CaDtharidis, 
Blistering  Cerate, 


Ceratam  Cetacei 

Spermaceti  Cerate, 

Ceratnm  Plambi  Snbaoetatis, 


Ceratam  Kesinae,  . 
Basilioon  Ointment, 


CERATA,  U.  S.  P. 

Cbn^poHiicn. 

White  Wax,  300  Gm. ;  Lard,  700  Gm. 

Camphor  Liniment,  100  Gm,,  White  Wax, 
300  Gm. ;  Lard,  600  Gm 

Cantharides  pulv.,  320  Gm.  ;  Yellow  Wax, 
180  Gm. ;  Resin,  180  Gm. ;  Lard,  220  Gm. ; 
Oil  of  Turpentine,  150  Co. 

Spermaceti,  100  Gm. ;  White  Wax,  350  Gm. ; 
Olive  Oil,  550  Gm. 

Solution  of  Lead  Subacetate,  200  Gm. ;  Cam- 
phor Cerate,  800  Gm. 

Resin,  350  Gm. ;  Yellow  Wax,  150  Gm. ;  Lard, 
500  Gm. 


•  Proposed  by  Mleleke,  Phar,  OerUrcUhalle,  1881,  Noe.  20-21. 
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EMPLASTRA— (PitM^ew). 

Plasters  are  compounds  of  various  fusible  solids  of  a  melting 
point  higher  than  that  of  the  human  body,  being  friable  when 
cold,  but  rendered  adhesive  by  the  warmth  of  the  body.  Accord- 
ing to  the  base  employed,they  may  be  designated  as  Plasters  proper  y 
or  as  Resmous  Plasters,  Emplastrum  Plumbi  forms  the  base  of 
the  former  class,  while  the  latter  consist  of  various  combinations 
of  resins. 

The  Pharmacopoeia  recognizes  two  ready-spread  plasters,  namely, 
Emplastrum  Ichth^ocollse  and  Emplastrum  Capsici. 

In  the  preparation  of  plasters,  care  should  be  taken  that  no 
higher  degree  of  heat  be  employed  than  that  of  the  water-bath, 
otherwise  decomposition  of  the  volatile  medicinal  constituents 
might  ensue. 

Some  plasters  are  made  by  simply  fusing  the  various  constitu- 
ents together;  others  require  the  admixture  of  various  solids, 
which  are  added  to  the  fused  mass  either  in  a  state  of  fine  powder, 
or  in  the  condition  of  a  smooth  paste  obtained  by  treatment  with 
a  proper  solvent.  While  cooling,  the  mass  should  be  well  stirred 
to  insure  uniformity  in  composition. 

After  preparation,  the  plaster  mass  is  usually  moulded  *  into 
sticks  or  rolls,  and  wrapped  in  waxed  or  paraflSn  paper. 

When  kept  for  some  time  the  plaster  mass  becomes  hard  and 
brittle,  due  to  the  oxidizing  influence  of  the  air ;  it  may  be  restored 
to  its  original  plasticity  by  re-melting  it,  with  the  addition  of  a 
little  oil. 

Owing  to  the  introduction  of  the  rubber  base,  the  preparation 
of  plasters  has  almost  entirely  fallen  into  the  hands  of  the  manu- 
facturer; it  is  seldom  that  the  dispenser  is  required  to  spread 
other  than  cantharides  plaster. 

Spreading  of  Plasters. — Plasters  are  usually  spread  on  either 
muslin  or  leather  (sheepskin),  which  is  cut  to  the  necessary  size 

Fio.  365. 


Plaster  Spatula. 


and  shape,  from  one-q^uarter  to  one  inch  being  allowed  all  around 
for  a  margin.    The  piece  of  leather  or  muslin  is  then  stretched 

*  The  Plaster-preas,  as  shown  in  Fig.  356,  page  321,  is  adapted  for  this  purpose. 
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evenly  on  a  smooth  surface,  being  held  in  position  by  means  of 
thumb-tacks.  Over  this  is  laid  the  form  {i  ig.  366),  made  of  thin 
card-board  or  heavy  paper,  cut  of  the  desired  shape  and  size,  and 
this  is  secured  6rmly  by  means  of  thumb-tacks. 


Plasters  of  an  ointment  like  consistence  {like  Emp.  Cantharidis) 
may  be  readily  spread  in  a  cold  condition  by  means  of  a  spatula. 

The  plasters  proper,  because  of  their  friable  nature,  are  first 
melted  and  then  spread  with  a  hot  spatula.*    Sufficient  of  the 


plaster-mass  tfor  the  surface  required)  is  selected  and  cautiously 
melted  in  a  porcelain  capsule  over  a  gus-fiame ;  the  melted  mass 
is  then  allowed  to  cool  until  it  is  of  a  honey-like  consistence  and, 


n  I1g.  aes  It  ftcitUj  dalgmd  Ibr  lb 
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by  meana  of  a  warm  spatula  blade,  quickly  and  evenly  spread 
over  the  surface.  The  masg  should  not  be  applied  too  hot,  other- 
wise it  will  penetrate  the  leather  or  muslin.  After  the  plaster  is 
spread,  the  surface  should  appear  even  and  smooth ;  if  it  is  not, 
a  hot  spatula  should  be  quickly  passed  over  it.  Care  should  be 
taken,  while  heating  the  blade,  to  remove  ail  particles  of  plaster 
adhering  to  it,  otherwise  the  surface  of  tbe  plaster  will  become 
discolored.  Before  removing  the  paper,  or  cardboard  frame,  the 
hot  edge  of  the  spatula  should  be  passed  around  the  line  of  con- 
tact, so  that,  when  the  frame  is  removed,  a  smooth,  sharp  edge 
may  be  left. 

For  spreading  larger  numbers  of  plasters,  the  operation  may  be 
facilitated  by  the  employment  of  the  plaster-block  (Fig,  367). 
This  consists  of  a  rectangular  block  of  hard  wood,  the  upper  sur- 
face of  which  is  convex.  To  one  end  of  the  upper  surface  is 
attached,  by  means  of  a  binge,  a  sheet-iron  frame  with  an  opening 
of  the  size  desired  for  the  plaster.  The  muslin  or  leather  of  proper 
size  is  laid  on  theconvexsurfaceof  the  block;  over  this  is  secured 
the  sheet-iron  frame,  then  the  necessary  amount  of  melted  and 
partly-cooled  plaster  is  poured  in  the  center,  and  bv  means  of  a 
heated  (triangular-shaped  or  round)  plaster  iron  (Pig-  368),  it  is 
spread  uniformly  over  the  surface,  the  excess  of  plaster  being 
forced  over  on  the  edges  of  the  frame. 

Perforation  op  Plasters. — This  is  done  to  permit  the  escape 
of  exhalations  from  the  skin,  also  to  enable  the  planter  to  adapt 
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itself  better  lo  the  skin,  and  to  adhere  more  firmly.  Perforation 
of  plasters  is  carried  on  by  the  manufacturers  of  ]>lasters  on  the 
lai^e  scale,  by  means  of  specially  constructed  machinery.    For 
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the  use  of  the  apothecary  the  perforating  machine  of  Lentz  is  par- 
ticularly adapted  (Fig.  369).  An  inexpensive  perforating  appara- 
tus has  been  devised  by  Professor  Remington  {Amer.  Jour.  Phar., 
1878,  p.  171),  which  consists  of  a  brass  cylindrical  wheel  studded 
with  steel  punches,  which  is  driven  with  some  force  across  the  sur- 
face of  the  plaster,  resulting  in  perforating  along  the  line  of  contact. 
The  employment  of  a  rubber  mass,  as  a  base,  has  practically 
superseded  all  others.  Its  advantages  reside  in  its  flexibility  and 
adhesiveness  at  ordinary  temperatures,  and  in  its  not  requiring 
any  heat  in  applying  or  removing.  This  base  consists  essentially 
of  a  mixture  of  rubber  with  certain  resins  (burgundy  pitch  and 
olibanum),  variously  medicated.  This  pliable  and  adhesive  rubber 
base  retains  its  soft  consistence  indefinitely,  and  yields  its  medici- 
nal constituents  readily  when  applied  to  the  skin. 

EXPLANATORY. 

Emplastrum  Plumbi  (Lead  Plaster). — When  fats  are  treated 
with  alkali  hydrates  or  with  a  number  of  other  metallic  oxides, 
decomposition  takes  place,  the  fatty  acids  combining  with  the 
metals  forming  soaps,  while  the  glycerin  is  set  free.  Those  soaps 
whose  base  is  either  soda  or  potassa,  are  known  as  the  " soluble,^ 
while  those  whose  base  constitutes  a  metallic  oxide,  are  known  as 
"  insoluble  "  soaps.  To  this  latter  class  Lead  Plaster  belongs.  It 
may  be  prepared  in  either  of  two  ways,  viz.: — 

1st.  By  the  interaction  between  soluble  soaps  and  lead  salts, 
(page  287). 

Sodium  Oleate.  Lead  Acetate.  Lead  Oleate. 

2d.  By  the  process  of  saponification  *  (U.  S.  P.  process). 

2C5H5(C„H«0,),    -f    3PbO    -f    3H,0    =    3Pb(C,8H„0,),    -f     2C8H5(OH), 
OleiD  (Olive  Oil).  Litharge.  Water.  Lead  Oleate.  Glycerin. 

Any  oil  which  consists  of  nearly  pure  olein  may  be  used  for 
this  purpose. 

The  U.  S.  Pharmacopoeia  recognizes  13  Plasters. 

EMPLASTRA,  U.  S.  P. 

Plasters  Containing  Emp.  Plumbi  as  Base. 

Emplastrum  Ferri, Ferric  Hydrate,   90  Gm. ;   Olive  Oil,  50 

Gm. ;  Burgnndy  Pitch,  140  Gm. ;  Lead 
Plaster,  720  Gm. 
Mercury,  300  Gm. ;  Oleate  of  Mercury,  12 
Gm. ;  Lead  Plaster,  sufficient  quantity, 
to  make  1000  Gm. 
Ext  Opium,  60  Gm.;  Burgundy  Pitch, 
180  Gm. ;  Lead  Plaster, 760 Gm. ;  Water, 
I       80  Gm. 

*  In  the  restricted  sense,  as  employed  here,  $aponification  Is  the  separation  of  fats  into  their  respec- 
tive acids  and  glycerin.  Here,  the  fatty  acids  are  liberated  by  the  action  of  the  litharge  (in  the 
presence  of  water),  uniting  with  the  lead  and  separating  out  as  an  Insoluble  soap. 


"  Hydrargyri, 
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Plastebs  Containino  £mp.  Pluhbi  as  Base.— Cbn/tfttcecf. 
Emplastram  Plnznbi,  .... 


a 


u 


ReainsB,  .... 
Saponis,  .... 


Lead  Oxide,  3200  Gm. ;  Olive  Oil,  6000 
6m. ;  Water,  sufficient  quantity. 

Resin,  140  6m.;  Lead  Plaster,  800  6m.; 
Yellow  Wax,  00  6m. 

Soap,  100  6m.;  Lead  Plaster,  900  6m.; 
Water,  sufficient  quantity. 


PLAflTERS— RESINOUa 


Emplastmm  Ammoniaci  cum 

HydiaigyTo,  . 


(( 


n 


^L 


ti 


Amies,  .... 
Belladonnn,  .   . 

Pids  Buigundicfle, 

Picis    Canthari- 
datum,    .   .   . 


Ammoniac,  720  6m. ;  Mercury,  180  6m. ; 

Oleateof  Mercui7,66m. ;  Dilute  Acetic 

Acid,  1000  Cc. ;  Lead  Plaster,  sufficient 

quantity. 
Ext.  Arnica  Boot,  830  6m. ;  Resin  Plaster 

670  6m. 
Ale   Ext.   Belladonna  Lts.,    200' 6m.; 

Resin  Plaster,  400  6m.;  Soap  Plaster, 

400  6m. 
Burgundy  Pitch,  800  6m.;  Olive  Oil,  50 

6m.;  Yellow  Wax,  150  6ra. 
Gantharides  Cerate,  80  6m..;  Burgundy 

Pitch,  to  make  1000  6m. 


Emplastmm  Capeici,   •  .    . 
IchthyoooUfe, 


(C 


PLA8TEB&— Spread. 

Oleoresin  of  Capsicum;  Resin  Plaster. 

Isinglass,  10  6m. ;  Alcohol,  406m. ;  61y- 
cerin,  1  6m.;  Water,  and  Tincture  of 
Benssoin,  each,  sufficient  quantity. 


GRkSiTM--{Mtdicated  Fkpers), 

The  oflScial  Papers  consist  of  paper  saturated  or  covered  with 
medicinal  substances. 

The  Pharmacopoeia  recognizes  only  two  of  these  medicated 
papers. 

Charta  Potassii  Nitratis. — This  consists  of  white  unsized 
paper  saturated  with  a  solution  of  potassium  nitrate.    It  is  em- 

floyed  in  cases  of  asthma,  by  burning  it,  and  inhaling  the  smoke, 
t  is  often  saturated  with  fluid  extract  of  belladonna  or  of 
stramonium. 

Charta  Sinapis. — The  fixed  oil  present  in  the  black  mustard 
is  first  removed  by  percolating  with  benzin.  The  solution  of 
india  rubber  serves  as  an  adhesive  coat,  firmly  retaining  the  pow- 
der. The  irritating  properties  of  the  powdered  black  mustard 
depend  upon  the  generation  of  a  vesicating  volatile  oil,  which 
takes  place  when  the  powder  is  moistened  with  water.  This 
volatile  oil  is  formed  through  the  decomposition  of  a  glucoside 
called  sinigrin  (potassium  myronate),  caused  by  the  influence  of 
an  albuminous  ferment  myrosin,  which  does  not  enter  the  reaction 
itself;  the  reaction  being  thus: — 


sinigrin. 
(Potaanium 
Myronate). 


=       CjHsCNS        -h        KHSO4        +        C.H1A 

Allyl  Sulphocranate         Acid  Potassium  Gluooee. 

(Oil  of  Mustardj.  Sulphate. 
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Hot  water  causes  coa^lation  of  the  albuminous  ferment,  hence 
no  oil  will  be  produced ;  only  lukewarm  or  cold  water  should  be 
used  to  moisten  the  drug. 


Fig.' 370. 


Fig.  372. 


SUPPOSITORIA— (5ujD!pontori«»). 

Suppositories  are  suitably-shaped  masses  of  medicated  fats, 
which  readily  fuse  when  introduced  into  the  body. 

According  to  their  size  and  shape,  there  are  three  forms, 
namely,  the  Bedal  (cone-shaped)  which  should 
weigh  about  one  gramme  (Ij.  S.  P.),  but  which 

may  also  be  made  to  weigh  as 
much  as  two  grammes;  the 
Urethral  (pencil-shaped)  should 
weigh  about  one  gramme  (U.  S. 
P.);  the  Vaginal  (globular  or 
cone-shaped)  should  weigh  about 
three  grammes  (U.  S.  P.),  but 
may  also  be  made  to  weigh  over 
four  grammes. 

6«ppo.itori«(Recui).     .  Suppositorics    are    sometimes 

given  a  double  cone-shape,  that 
is,  pointed  at  both  ends.  The  usual  cone-  and 
douole  cone-shaped  suppository  is  sometimes 
difficult  of  retention,  because  of  the  peculiar 
contraction  of  the  sphincter  muscles;   m  view 

of  this,    Wellcome 
Fig.  371.  (August,     1893)    sug- 

gested a  modification 
of  their  shape,  which, 
allowing  the  introduc- 

Welloome'.  Improyed  Sappository.       ^}^^  ^^  ^^  bulboUS  end 

first,  ensures  perfect 
retention,  by  the  reflex  contraction  of  the  sphincter. 

The  base  employed  should  be  of  such  con- 
sistence as  to  retam  its  shape  at  the  ordinary 
temperature  of  the  air,  yet  it  should  be  sufficiently 
soft  not  to  produce  any  injury  on  insertion.  It 
should  not  become  rancid  and  yet  be  capable  of 
being  mixed  with  most  medicinal  substances 
without  any  lowering  of  its  fusing  point. 

The  various  bases  employed  may  be  designated 
as  fatty  (cacao  butter),  saponaceous  (curd  soap  from 
animal  fat),  and  gelatinous;  neither  of  the  latter, 
however,  give  the  general  satisfaction  that  is 
obtained  from  the  use  of  cacao  butter.  weiicom^ji^iinproycd 

The  Gelatin  Base  forms  a  valuable  and  service- 
able substitute  where  objections  are  made  to  a  fatty  basis.    Accord- 
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ing  to  theory,  it  is  not  adapted  for  administering  tannic  acid,  since 
they  are  supposed  to  form  an  insoluble  compound.  These  gelatin 
suppositories  are  more  readily  made  than  those  of  cacao  butter, 
but  present  the  difficulty  of  lacking  firmness.  They  are  made 
by  moulding.  For  this  purpose  the  moulds  must  be  thoroughly 
cleaned  and  dried,  then  wiped  inside  with  a  piece  of  flannel 
impregnated  with  oil.  The  base  is  fused  in  a  capsule  on  a  water- 
bath,  the  medicinal  ingredients  dissolved  in  a  little  water  and 
stirred  in  until  thoroughly  diffused  or  dissolved.  When  of  proper 
degree  of  consistence  the  mass  is  poured  into  well  cooled  moulds. 

The  same  mass  is  not  applicable  to  all  medicaments,  since  some 
render  it  too  hard,  others  too  soft.  The  gelatin  base  may  be  kept 
almost  indefinitely,  provided  it  is  poured  into  bottles  and,  when 
cold,  covered  with  alcohol. 

The  following  gelatin  bases  *  have  been  proposed : — 

I.  Gelatin  10  parts,  water  40  parts,  glycerin  15  parts;  evapo- 
rate to  25  parts.  This  combination  is  suitable  for  hygroscopic 
drugs,  for  bougies  containing  ferric  chloride  (dissolve  1  part  of 
feme  chloride  in  9  parts  of  water  and  add  to  19  parts  of  the  mass^ 
for  tannin  suppositories  (0.2  per  cent., — not  in  accordance  witn 
theory),  and  for  vaginal  pessaries  containing  such  salts  as  potas- 
sium iodide  or  bromide,  sodium  bromide  or  salicylate,  ergotin, 
chloral  hydrate,  etc. 

II.  Gelatin  10  parts,  water  40  parts,  glycerin  20  parts;  evapo- 
rate to  50  parts.  A  good  base  for  general  use.  Phenol  or  such 
substances  as  are  soluble  in  alcohol  are  first  dissolved  in  a  little 
alcohol,  added  to  7  parts  of  glycerin  and  50  parts  of  this  mass. 
Alum  bougies  are  made  by  adding  a  hot  solution  of  7  parts  of 
alum  in  10  parts  of  glycerin,  and  5  parts  of  water  to  25  parts  of 
the  mass  liquefied  on  a  bath  with  10  parts  of  water.  The  whole 
is  evaporatea,  under  stirring,  to  35  parts. 

III.  Gelatin  10  parts,  water  40  parts,  glycerin  30  parts; 
evaporate  to  60  parts.  This  mass  is  adapted  as  a  vehicle  for  such 
substances  as  cupric  or  zinc  sulphate,  silver  nitrate,  extract  of 
opium,  mercuric  chloride,  etc. 

IV.  Gelatin  30  parts,  water  120  parts,  glycerin  15  parts ;  evap- 
orate to  104  parts.  A  basis  for  bougies  containing  a  large  per- 
centage of  insoluble  drugs.  Iodoform  bougies  (50  per  cent.)  are 
made  by  adding  27  parts  of  pulverized  iodoform  to  27  parts  of 
the  mass. 

For  a  glycerin  suppository ,t  the  following  has  been  recom- 
mended; glycerin  10  parts,  water  5  parts,  gelatin  1  to  2  parts  ;  in 
order  to  render  the  suppositories  sufficiently  firm,  it  has  been 
recommended  to  dip  them  into  melted  cacao  butter. 

Cacao  Butter  Suppositories.— According  to  their  method  of 


•  C.  H.  Ochse,  "  Art  of  Dispensing,"  Chemist  and  Druggist,  London. 

t  Thin  wan  proprwecl  previoun  to  the  appearance  of  the  U.  8.  P.  of  1880,  in  which  "  Suppositoria 
Gl ycerini,"  made  by  another  proceM,  were  made  official. 
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preparation  they  may  be  designated  as  tiand-rolled,  moulded^  and 
compressed. 

Hand-rolled. — The  method  of  forming  by  hand  is  very  simple, 
the  operation  being  carried  out  much  in  tlie  same  manner  as  that 
of  making  a  pill  mass.  The  Cacao  butter  is  grated  and  weighed ; 
the  medicinal  agents  are  reduced  to  a  fine  powder  in  the  mortar, 
or,  if  they  consist  of  extracts,  they  should  be  moistened  with  a  little 
water  and  rubbed  to  a  smooth  paste ;  to  this  is  added  the  cacao- 
butter  and  the  whole  thoroughly  incorporated  and  beaten  into  a 
pill  mass.  In  order  to  impart  plasticity,  a  few  drops  of  castor  or 
olive  oil  are  often  added.  The  mass  is  then  rolled  out  on  a  pill 
tile  into  a  cylinder  of  the  desired  thickness  and  length,  finely 
powdered  starch  being  employed  as  dusting  powder.  The  cylin- 
der is  then  divided  into  the  necessary  numoer  of  parts,  and  by 
carefully  rounding  one  end  by  rolling  on  the  tile  with  the  spatula 
or  bv  forming  betw^een  the  fingers,  the  desired  shape  is  imparted. 

The  hands  and  all  utensils  must  be  kept  scrupulously  clean. 
A  rusty  spatula  or  a  poorly  cleansed  tile  is  sufficient  to  ruin  the 
appearance  of  the  most  carefully  made  suppository. 

Sometimes,  through  lack  of  adhesiveness,  the  mass  crumbles 
when  rubbed.  It  should  then  be  worked  over  in  the  mortar  with 
addition  of  a  drop  or  two  of  oil  if  necessary,  and  formed  into  a 
cylinder  with  the  hands,  with  sufficient  rapidity  to  avoid  undue 
softening  of  the  mass.  Also  care  should  be  taken  not  to  incor- 
porate too  much  of  the  dusting  powder  in  the  operation  of  rolling 
out  the  cylinder,  otherwise  the  mass  will  crumble,  from  lack  of 
adhesiveness. 

Moulded  Suppositories. — The  directions  of  the  Pharmacopoeia 
are  as  follows : — 

Take  of 

The  Medicinal  Ingredient,  the  prescribed  quatUiiy. 
Oil  of  Theobroma,  a  aufficierU  quantity. 

Having  weighed  out  the  medicinal  ingredient  or  ingredients, 
and  the  quantity  of  Oil  of  Theobroma  required,  according  to  tlie 
kind  of  Suppository  to  be  prepared,  mix  the  medicinal  portion 
(previously  Drought  to  a  proper  consistence,  if  necessary)  with 
a  small  quantity  of  the  Oil  of  Theobroma,  by  rubbing  them 
together,  and  add  the  mixture  to  the  remainder  of  the  Oil  of 
Theobroma,  previously  melted  and  cooled  to  the  temperature  of 
35°  C.  (95°  F.).  Then  mix  thoroughly,  without  applying  more 
heat,  and  immediately  pour  the  mixture  into  suitable  moulds. 
The  moulds  must  be  kept  cold  by  being  placed  on  ice,  or  by  im- 
mersion in  ice-cold  water,  before  the  melted  mass  is  poured  in. 

In  the  absence  of  suitable  moulds.  Suppositories  may  be  formed 
by  allowing  the  mixture,  prepared  as  above,  to  cool,  care  being 
taken  to  keep  the  ingredients  well  mixed,  and  dividing  the  mass 
into  parts,  of  a  definite  weight  each,  of  the  proper  shape. 
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Unless  otherwise  specified,  Suppositories  should  have  the  fol- 
lowing weights  and  shapes,  corresponding  to  their  several  uses: — 

Redal  Suppositories  should  be  cone*shaped,  and  of  a  weight  of 
about  one  (1)  gramme. 

Urethral  Suppositories  should  be  pencil-shaped,  and  of  a  weight 
of  about  one  (1)  gramme. 

Vaginal  Suppositories  should  be  globular,  and  of  a  weight  of 
about  three  (3)  grammes. 

Insoluble  substances,  when  forming  the  constituents  of  a  sup- 
pository, should  be  reduced  to  a  very  fine  powder;  solid  extracts 
should  be  rubbed  with  suflScient  water  to  form  a  smooth  paste. 
This  latter  point  should  be  carefully  observed,  because  the  solana- 
ceous  extracts  generally  contain  numerous  minute  crystals  of 
potassium  nitrate  and  chloride,  which  prove  very  irritating  when 
allowed  to  remain  in  crystalline  condition. 

Care  should  be  taken  not  to  heat  or  to  continue  heating  the 
melted  mass  after  the  medicinal  ingredients  are  added,  otherwise 
they  will  separate  in  a  solid  mass  from  the  fused  fat.  The  medi- 
cinal ingredients  are  simply  in  a  state  of  suspension,  hence  they 
should  be  added  just  before  the  mass  cools,  when  the  cacao- 
butter  is  of  a  syrupy  consistence ;  after  these  have  been  added, 
the  mass  should  be  constantly  and  vigorously  stirred,  while  it  is 

E cured  into  the  moulds,  otherwise  the  medicinal  constituents  will 
e  unevenly  distributed,  the  last  suppository  receiving  more  than 
the  others. 

The  moulds  should  be  as  cold  as  possible,  so  as  to  secure  rapid 
congelation  of  the  mass,  thereby  preventing  the  heavier  particles 
from  settling  to  the  bottom. 

If  the  moulds  are  properly  cleansed  and  cooled,  the  suppository 
will  shrink  sufiiciently  ti)  enable  the  operator  to  remove  it  without 
any  difficulty,  hence  there  is  no  occasion  for  the  use  of  dusting 
powder.  Some  operators  prefer  to  wipe  out  the  moulds  with  a 
piece  of  flannel  moistened  with  soap  Imiment. 


MOULDS. 

The  simplest  moulds  may  be  made  by  rolling  glazed  or  waxed 
paper  into  cones  of  the  proper  size,  placing  them  into  sand  or 
supporting  them  in  holes  made  in  a  cardboard  box. 

Among  the  older  forms  of  moulds  are  those  made  of  white 
metal  (Fig.  373,  c),  which  are  supported  in  perforations  in  the  lid 
of  a  tin  box  filled  with  crushed  ice  or  snow.  The  suppositories 
are  removed  from  these  moulds  by  inverting  them  and  tapping; 
after  the  moulds  have  been  in  use  some  time,  which  renders  them 
rather  difficult  to  clean  properly,  particles  of  the  mass  are  apt 
to  remain  adhering  to  the  inside,  which  tends  to  interfere  with 
the  subsequent  removal  of  the  suppositories. 

The  moulds  a  and  b  (Fig.  373),  are  improvements  over  the  first- 


SOLIDS— FOB  EXTERNAL  USE. 


367 


named  fonn  in  that  they  are  composed  of  two  distinct  parta,  which 
greatly  facilitates  the  removal  of  suppositoriea  and  the  subsequent 
cleaning  of  the  mould.  In  the  form  shown  in  h,  the  two  halves 
are  held  in  position  by  means  of  a  rubber  band ;  while  in  the  Wirz 
mould{Fig.  373,  a),  the  halves  are  held  firmly  in  position  by  rings, 
which  are  slipped  over  the  handles.    The  so-called  hinged,  double 


SuppMitorr  Moutdt 


mould  of  gun  metal  (Fig.  373,  d),  because  of  its  compactness  and 
the  close  fitting  of  its  parts,  is  one  of  the  most  convenient  forms 
made;  this  is  usually  so  constructed  aa  to  accommodate  two 
different  sizes  of  suppositories.  The  moulds  shown  in  Figs. 
374  and  375  are  constructed  on  this  same  principle,  but  instead  of 


Stifi  Suppoltorj  UouM. 


■  Suppodtorj  Mould. 


Opening  perpendicularlv,  as  the  others,  they  open  horizontally. 
These  forms  of  moulds  nave  the  advantage  of  size  and  compact- 
ness of  shape.  After  the  mass  has  been  poured  into  the  mould, 
ample  time  should  be  allowed  for  the  suppositories  to  contract; 
then,  if  on  pressing  them  slightly  on  top  they  show  that  they  are 
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sufficiently  loose,  the  upper  half  or  inside  ring  of  the  mould  should 
be  carefully  detached  by  raising  it  equally  on  all  sides,  otherwise 
there  would  be  danger  of  fracturing  the  suppositories. 

Compressed  Suppositories. — The  preparation  of  suppositories  by 
the  process  of  melting  and  moulding  is  at  present  being  sup- 
planted by  the  method  of  cold  compression.  This  possesses  not 
only  the  advantage  of  rapidity,  but  also  yields  a  perfect,  compact 
suppository  at  all  times  without  the  use  of  ice.  As  before  stated, 
some  organic  bodies,  for  instance  chloral,  creosote,  phenol,  volatile 
oils,  etc.,  when  warmed  with  cacao-butter,  influence  its  melting- 
point  to  such  a  degree  that  the  mass  refuses  to  harden.  This 
difficulty  also  arises  when  they  are  made  cold  by  hand. 

Among  the  earlier  forms  of  these  cold-pressure  moulds  is  that 
devised  by  Archibald.  This  is  operated  by  placing  the  mixture 
of  grated  cacao-butter  and  medicinal  substances  in  a  hopper, 
where  the  mass  is  then  forced  by  means  of  a  plunger,  operated  by 
a  handle-lever,  into  the  mould  below.  The  objection  to  this  form 
of  apparatus  is  that  the  removal  of  the  suppositories  from  the 
mould  is  necessarily  slow  and  attended  with  difficulty.  More- 
over, in  order  to  avoid  the  fracture  of  the  suppositories,  the  moulds 
must  be  kept  very  cold  and  well  greased  or  dusted,  so  as  to  pre- 
vent the  mass  from  adhering  to  the  sides.  The  necessity  of  filling 
the  hopper  each  time  is  also  not  a  point  in  favor  of  this  apparatus. 

These  difficulties  have  all  been  overcome  in  the  later  forms, 
which  are  based  on  the  principle  of  forcing  the  entire  mass,  con- 
tained in  a  cylinder,  under  a  powerful  pressure,  by  means  of  a 
plunger  operated  by  a  screw,  through  small  apertures  in  the 
Dottom  of  the  brass  mould  secured  into  the  end  of  a  cylinder ; 
the  end  of  the  mould  resting  against  a  movable  plate. 

One  of  the  older  forms  constructed  on  this  principle  is  the 
mould  made  by  Mr.  Knowlson  of  Troy,  N.  Y.  A  later  machine 
of  similar  construction  is  shown  in  Figures  376  and  377. 

This  consists  simply  of  a  cylinder  swinging  in  a  frame,  in 
which  the  mould  is  placed  with  the  small  holes  up.  The  mass, 
previously  prepared,  is  thrown  into  this  cylinder,  which  at  this 
time  is  open,  as  in  Fig.  376.  The  cylinder  is  then  closed,  and 
the  screw  pressure  is  applied  until  all  resistance  is  overcome. 
Before  opening  the  bed-plate,  the  screw  should  be  loosened  by 
half  a  turn,  then  the  bed-plate  thrown  back  (see  Fig.  377)  and 
the  screw  again  gently  turned  downward  until  the  suppositories 
drop  out.  After  these  are  secured,  the  bed-plate  is  closed  and 
the  operation  repeated,  until  the  cylinder  is  emptied  of  the  mass. 
The  small  cylindrical  pieces  which  force  the  suppositories  from 
the  moulds,  should,  of  course,  be  returned  to  the  cylinder  at  the 
last  working,  for  conversion  into  suppositories. 

In  making  Urethral  or  Nasal  Suppositories,  remove  the  cap  at 
No.  2,  Fig.  377,  and  screw  on  the  small  tube,  taking  care  to  have 
a  mould  in  the  cylinder  covered  with  a  brass  disc,  which  is 
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furnished.  The  mass  is  then  simply  put  into  the  cylinder  as  be- 
fore, pressure  applied,  and  the  suppositories  cut  into  any  length 
desired. 

Fio.  376.  Fig,  377. 


I 


Parftctlon  SappMllorr  Machine. 


When  Suppositories  are  ordered,  it  is  at  the  option  of  the  Phai^ 
macist  to  employ  either  cacao  butter,  grated  on  a  lemon  grater. 


SuppMllorr  UubiDC  Iff.,  T.  i  O 


with  the  extracts  in  a  state  of  powder,  and  by  means  of  a  slab 
and  spatula  to  thoroughly  incorporat«  the  cacao  and  extracts  to- 
gether, then  to  throw  the  material  into  the  cylinder  and  to  use 
Uie  screw ;  or  he  may  take  the  cacao  butter  as  ordinarily  sold  in 
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the  market,  and  work  it  in  with  the  extracts  iu  the  same  manner 
that  s  pill  mass  is  made,  taking  care  to  thoroughly  diffuse  the 
active  ingredient,  and  when  they  are  thoroughly  mixed  to  throw 
the  mass  into  the  cylinder,  and  to  operate  the  screw  to  compress 
the  suppository. 

Another  new  machine  is  illustrated  in  Fig,  378,  This  is  of 
simple  construction  and  easily  and  quickly  operated. 

£^ch  machine  is  furnished  with  a  set  of  moulds  for  making 
suppositories  of  three  sizes — 15-grain, 30-grain,  and  vaginal — and 
with  a  mould  for  forming  bougies.  These  moulds  are  of  brass  and 
are  screwed  into  the  end  of  thecylinder.  They  can  beeasily  and 
rapidly  inserted  or  removed. 

In  making  suppositories  the  cacao  butter  mixed  with  the  medi- 
cinal substance  is  placed  in  the  cylinder,  the  mould  required 
being  first  attached,  and  the  cylinder  is  put  in  position  witli  the 
end  of  the  mould  resting  against  the  movable  plate  at  the  end  of 
the  machine.    The  mass  is  then  compressed  in 
'"■-     '  the  forms  by  turning  the  wheel  and  screwing 

the  plunger  into  the  cylinder,  After  the  sup- 
positories are  formed,  the  end  plate  is  re- 
moved, and  a  further  turn  of  the  wheel  forces 
them  out  upon  the  tray.  The  operation  is 
then  repeated  until  all  the  mass  has  been  used. 
By  a  special  device,  the  screw  on  the  plunger 
rod  may  be  released  so  that  the  plunger  may 
be  pushed  into  the  cylinder  or  withdrawn 
from  it  without  the  slow  process  of  screwing. . 
BOUGIES  are  solid  cylindrical  rods  of  2  to 
four  millimeters  diameter  and  from  7  to  15  cen- 
timeters long,  pointed  at  one  end  and  weighing 
about  one  gramme.  These  are  formed  by  hand, 
or  in  special  moulds  or  may  be  made  by  cold 
pressure  (Fig.  379).  In  the  absence  of  moulds 
they  may  be  moulded  by  pouring  the  mass  into 
glass  tubing  of  the  proper  size  (oiled  inside). 
*g^^  When  cold,  they  are  forced  out  by  means  of  a 

glass  rod,  then  cut  into  pieces  of  the  desired 
Bougie  prag.  ^j^^^  ^^^  pointed  at  one  end.     Owing  to  the 

brittle  nature  of  the  cacao  butter,*  they  are  generally  made  of 
gelatin.    H.  Helbingt  recommends  the  following; — 

"  Gelatin  Mass  is  best  prepared  from  10  oz,  best  gelatin,  16  oz. 

*  The  following  formuLi  is  propoved  b^  N-  FrEUker : — 

Caiao  bulter, gnina  480 

Water,    ...'.'.'.'.'.'.'.'.''.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.   '.mia.     2« 

Puwil.  boric  Bcid  nifflclenl. 
H«Utbei4Cu>  bulter  mndlrltante  II  Inmwinuctpmile  with  IheuwitpindwiatbeinltrpnilDiul} 

the  fuihI  aiilde.  When'  required  for  use,  Uke  of  Ihi'  Bboie  four  d^lchll1^  InMirpormle  11  with  the 
Died loiuenta  and  with  f rum  10  to  25  p«r  cunl.  cacu  butler,  triturate  uatlilutiiuUelf  iulinl,uid  roll 
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best  glycerin,  and  sufficient  water.  The  gelatin  is  dissolved  in 
sufficient  water  and  the  glycerin  by  the  aid  of  a  water-bath  in  a 
porcelain  dish,  the  water  lost  by  evaporation  being  compensated 
for  by  the  addition  of  more.  The  ingredients,  if  not  soluble  in 
water,  are  mised  in  a  finely  powdered  condition  with  the  warm 
and  tenacious  glue,  and  the  pencils  are  moulded  in  moulds  simi- 
lar to  those  used  for  making  caustic,  previously  moistened  with  oil 
or  soap  liniment.     When  cold  they  are  quite  elastic,  but  not  sticky. 

"Iodoform  Pencih,  '6Z  per  caii. — Iodoform,  1  part;  cacao  butter, 
2  parts. 

"Cocaine  Pencih,  2  per  cent. — Cocaine  hydrochlorate,  1  part; 
cacao  butter,  49  parts.  To  be  cut  in  pieces  containing  \  gram  of 
the  cocaine  salt  each. 

"Salol  Pencils,  20  per  cent. — Dissolve  1  part  of  salol  in  4  parts 
of  the  liquefiedcacaobutter,  stir  constantly  until  cool,  powderthe 
mass,  and  form  cylinders  by  the  aid  of  the  press. 

"Opium  Pencih,  5  per  cent. — Powdered  Opium,  1  part;  cacao 
butter,  19  parts.  Divide  into  sticks  containing  1  grain  of  opium 
each. 

"  Thallin  Pendla,  5  per  cent. — Sulphate  of  tlialline,  1  part ;  cacao 
butter,  19  parts. 

"Mercurial  Pencih,  25  per  ceni. — -Made  with  equal  parts  of  mer- 
curial ointment  and  white  wax,  previously  melted.  When  cool 
the  pencils  are  pressed  out.  The  following  elastic  pencils  may  be 
made  with  a  mass  containing  tragacanth,  starch,  etc.: — 

"Iodoform  Pencils,  33  per  cent. — Iodoform,  5j ;  starch,  5iij ; 
tragacanth,  2y  ;  dextrin,  5j;  sugar,  sss;  water  and  glycerin,  each 
sufficient. 

"Salicj/lic  Add  Pencils,  5  per  cent. — Salicylic  acid,  5i ;  traga- 
canth, 3j;  starch,  5j ;  dextrin,  5vij;  sugar,  3iij ;  water  and 
glycerin,  each  sufficient.  These  pencils  may  be  polished,  if 
desirable,  by  rolling  them  on  a  porcelain  slab  with  a  thin  board. 

"Urethral  Pencils. — Urethral  pencils,  retaining  their  shape  for 
some  hours,  are  prepared  from  cacao  butter,  6 ;  oeeawax,  5 ;  boric 
acid  (or  iodoform,  etc.),  2 ;  zinc  oxide,  1 ;  and  tragacanth,  4  parts. 
These  pencils  possess  a  certain  degree  of  elas- 
ticity, and  are  prepared  of  a  conical  form.  F'"-  3^0. 

"Cau/iic  Pencils — Dr.  De  Sin6ty's. — Crystal- 
lized phenol,  0.0")  Gm.;  tannin,  4.0  Gm. ;  gly- 
cerin, 5  drops;  tragacanth  sufficient." 

Suppository  Capsules. — These  consist  of 
gelatin  shells  which  are  filled  with  the  medi- 
cinal substance,  or  with  a  mixture  of  it  and 
cacao  butter.  The  upper  and  outer  margin  of 
the  lower  half  is  moistened  with  water  and 
the  cap  slid  over  it,  so  as  to  prevent  the  two 
halves  from  coming  apart  in  handling.  Before  they  are  inserted, 
they  should  be  dipped  in  water  so  as  to  enable  them  to  slip  in  easily. 
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Hollow  Cacao  Bctter  Suppositories. — ^These  are  very  con- 
venient for  the  dispenser  and  answer  quite  well  when  the  medi- 
cating ingredient  ia  of  a  neutral  nature,  but  they  should  never  be 
used  when  the  remedy  is  in  any  degree  locally  irritating.  The 
main  object  of  employing  an  excipient  (cacao  butter  or  gelatin) 


aaa(S 


UoUnw  CacM  Bulur  Suppwlturlui. 

in  a  suppository  is  to  secure  slow  and  uniform  diffusion  of  the 
remedy.  The  medicinal  substance  should  be  well  mixed  with  a 
little  grated  cacao  butter  before  it  is  filled  into  the  cavity,  which 
is  then  closed  by  the  plug  provided  for  this  purpose. 


1 


Hollav  Cuio  BulMc  Suppwitotia. 


GENERAL  KEHARKS. 


Suppositories  are  usually  dispensed  in  partitioned  paper  boxes, 
or  in  wide-mouthed  vials.  The  practice  of  wrapping  them  in 
paraffin  paper  or  foil  is  not  advisable,  owing  to  the  possible 


SOLIDS— FOB  EXTERNAL  USE.  373 

ignorance  of  many  patients,  who  might  use  them  without 
removing  the  wrapper. 

As  in  the  case  of  pill  masses,  the  medicinal  ingredients  should 
always  be  thoroughly  incorporated  with  the  mass  before  it  is 
moulded. 

When  such  heavy  salts  as  potassium  iodide  or  bromide,  or 
lead  acetate  are  directed  to  be  incorporated  in  suppositories,  they 
should  be  made  by  hand  or  by  cold  compression.  For,  when  they 
are  made  by  the  process  of  fusing,  even  with  the  ^eatest  of  care 
and  skilled  manipulation,  the  salts,  owing  to  their  gravity,  will 
settle  and  collect  at  the  point  of  the  suppository,  which  is  not  only 
disagreeable  but  may  be  dangerous  to  tne  patient.  For  this  class 
of  remedies,  the  gelatin  basis  is  the  most  advantageous,  since  the 
inorganic  salt  may  previously  be  dissolved  in  a  portion  of  the  water. 

When  iodine  is  directed  to  be  incorporated  in  a  suppository  it 
should  be  first  powdered  with  a  little  potassium  iodide,  then  dis- 
solved in  a  small  amount  of  water  land  added  to  the  gelatin  basis. 

Alkaloids  (that  is,  free  alkaloids),  should  be  dissolved  in  a  little 
oleic  acid  before  being  combined  with  the  cacao  butter. 

Green  Extracts  and  Tannin, — When  such  extracts  as  those 
of  belladonna,  stramonium  or  hyoscyamus  are  prescribed  with 
tannin,  the  suppositories  should  be  made  by  cold  pressure.  It  is 
possible,  with  due  care,  to  prepare  these  by  the  warm  process ; 
the  extract,  after  having  been  reduced  to  a  smooth  paste  with  a 
little  water,  is  combined  with  the  melted  fat,  then,  when  the  mass 
is  suflBciently  cool  and  ready  to  pour,  the  tannin  is  quickly  stirred 
in.  But  the  slightest  degree  of  overheating  causes  the  tannin  to 
unite  with  the  extract,  forming  hard  lumps. 

Wax,  owing  to  its  high  fusing  point,  should  never  be  added  to 
a  suppository  mass  in  any  quantity. 

SupposiTORiA  Glycerini,  U.  S.  p. — This  is  the  only  oflBcial 
suppository.  It  is  made  by  heating  stearic  acid,  glycerin,  and 
sodium  carbonate  together  until  effervescence  ceases,  then  pour- 
ing into  moulds.  The  reaction  that  takes  place  results  in  the 
formation  of  sodium  stearate,  a  very  hard  soap : — 

2HC,8H„0,      +      NajCX),      =      2NaC,gH„0,      +      H,0      -f      CX), 

Stearic  Acid.  Sodium  Sodiom  Stearate.  Water.  Carbon 

Carbonate.  Dioxide. 

This  with  the  large  amount  of  glycerin  present  (90  per  cent.) 
forms  a  firm,  stable  suppository. 

According  to  Thumann  *  these  may  also  be  made  from  cacao 
butter  rendered  liquid  at  35°  C.  and  agitated  with  an  equal 
weight  of  warmed  glycerin  (50  per  cent.)  until  the  mixture  begins 
to  solidify,  when  it  is  poured  into  moulds. 

Owing  to  the  hygroscopic  nature  of  these  glycerin  suppositories, 
they  should  be  dispensed  in  wide-mouthed  vials  or  glass  tubes 
which  are  securely  corked  and  sealed. 

*  Afnerican  Journal  qf  Pharmacy,  1898,  p.  368. 
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CHAPTER    XXXYI. 

THB  ART  OF  DISPENSINO. 

THE  PRESCRIPTION. 

A  prescription  is  a  written  formula  of  remedies,  with  directions 
to  the  apothecary  for  their  preparation,  and  instructions  for  the 
guidance  of  the  patient  or  of  his  attendant. 

The  word  prescription  is  derived  from  the  Latin  word  prasscrip- 
tioj  title;  order;  ordinance,  etc.,  from  praescribo  "to  write  before; 
to  ordain." 

For  writing  prescriptions,  the  Latin  language  is  almost  univer- 
sal, because,  being  a  language  of  science,  it  is  generally  understood 
in  civilized  countries.  And  being  a  dead  language,  it  is  not  sub- 
ject to  the  various  changes  peculiar  to  modern  tongues.*  More- 
over, for  various  reasons,  it  is  not  advisable,  as  a  rule,  that  the 
patient  be  aware  of  the  kind  and  nature  of  the  remedies  admin- 
istered. 

The  prescription  consists  of  the  following  parts,  thus  classi- 
fied : — 


(2) 


! 


The  Superscription,    .       B . 

The  Inscription, Remedy  (genitive)  ;  Qnantity  (accnsative). 

Bepeftt  for  each  oonBtituent. 

(3)  The  Snhscription, Misoe  ^directions  to  compounder). 

4)  The  Signature, Signa  (directions  for  the  patient). 

5)  This  is  generaUy  followed  by  the  name  of  the  patient,  t  and  always  by  the 
name  or  initials  of  the  prescriber,  with  date. 


1st.  The  Superscription  (superscribo  =  to  write  on  top)  or  Head- 
ing. 

The  symbol  1^  is  usually  placed  at  the  head  of  every  prescrip- 
tion. 

The  letter  R  stands  for  the  Latin  word  Recipe,  the  imperative 
mood  of  the  verb  redpiOy  **  to  take,^*  When  the  prescription  is 
written  in  English,  this  letter  R  is  replaced  by  the  words  "  take 
of";  in  French,  it  would  be  replaced  by  a  P  (abbreviation  for 
prenezy  take);  in  German,  it  would  be  replaced  by  the  word 
"  nimm  "  (take). 

*  Vernacular  names  in  yarious  languases  may  vary  in  diflferent  parts  of  the  same  country,  and 
are  often  unintelligible  to  foreigners.  Hence  a  prescription  written  in  the  native  language  in  one 
part  of  the  country  may  be  unintelligiblo  in  another  part. 

t  Also  written  in  the  upper  comer  of  the  prescription. 

375 
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The  sign  IJ*,  according  to  some,  is  derived  from  the  symbol  %, 
the  zodiacal  sign  for  the  planet  Jupiter.  In  ancient  times,  it  was 
customary  to  invoke  the  olessings  of  the  deity,  Jupiter  or  others, 
on  the  remedies  to  be  taken,  by  a  formal  prayer  at  the  beginningu.^ 
of  the  prescription.  This  was,  in  time,  contracted  to  simply  plac- 
ing the  sign  of  the  respective  deity  addressed  at  the  head  of  the 
prescription. 

2d.  The  Inscription  {inscribo  =  to  write  upon)  includes  the 

names  and  quantities  of  the  various  ingredients.    These  ought 

to  be  arranged,  if  possible,  in  a  definite  manner,  somewhat  after 

the  following  plan : — 

The  Basis — the  principal  active  agent. 

The  Auxiliary  (adjuvant) — the  ingredients  which  aid  or  promote 
the  action  of  the  Basis.  For  example,  the  combination  of  chloral 
and  potassium  bromide  is  more  certain  as  an  hypnotic  than 
either  alone,  hence,  while  chloral  is  placed  first,  potassium  bro- 
mide follows  as  an  auxiliary.  With  cathartics,  the  auxiliary, 
while  assisting  the  action  of  the  base,  renders  it  more  manage- 
able, lessening  its  liability^  to  irritate,  as  for  example  the  ad- 
juvant Myrrh,  when  combined  with  Aloes.  In  conjunction  with 
Quinine,  the  adjuvants  Capsicum  and  Opium  are  often  pre- 
scribed for  breaking  up  intermittent  fevers. 

The  Corrective. — The  ingredient  which  corrects  or  modifies  the 
action  of  the  first.  For  example,  the  griping  tendency  of  many 
purgatives  is  usually  overcome  by  combining  them  with  aro- 
matics. 

The  Vehicle  (excipient  or  diluent).  —  The  ingredient  which 
assists  in  imparting  proper  form,  and  also  in  diluting  the  active 
constituents. 

Example. 

H .  Aloee  Paiificatie, 2  Gm.  (base), 

MyrrhsB, 1  Gm.  (adjuvant), 

Pulveris  Aromatici, 6  Gm.  (oorrective), 

Extracti  Gentianse, q.  8.  (excipierU). 

Fiat  maasa  ;  divide  in  piltdas  zyi. 

or 

B.  Qaininse  Salphatia, gr.  zz  (base), 

Ferri  et  Ammonii  Citratis,      gr.  zl  {a<yuvani), 

Acidi  Citrici, fi*"*  *  (excipient). 

Syrupi  Limonis, flgj  (vehicle). 

AqnsB  pane, q.  8.  ad.  fljy  {diluent), 

Misoe. 

GRAMMATICAL  CONSTRUCTION.* 

The  following  example  is  selected  as  an  illustration  of  Latin 
construction,  as  applied  in  prescriptions : 

*  Only  the  briefest  outlines  can  be  given  here.  The  reader  is  referred  to  special  text^books,  saeh 
as  Robinnon's  Latin  (rraniniar,  or  "  The  Prescription,"  by  Wall.  Consult,  also:  "The  Latin  Gram- 
mar of  Pharmacy ; "  by  Joseph  Ince,  London. 
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B.  Qaininse  Salphatis, drachmam  nnam  (3j) 

TioctnrsB  dnchoxue  Oomposits, uncias  duas  ( J^  ij) 

Glycerini, unciam  unam  et  semis- 

sem  (.^  iss) 

Acidi  Salphnrici  Dilati, qnantain8affidat(q.s.)- 

Aqnee, q.  8.  [qnantam  sufiSciat]  ad  ancias  qaataor  (ad 

Recipe ;  QuininsB  Sulphatis  drachmam  unam. 

Take  thoa        of  Quinine  Sulphate  drachm  one. 

Ify  is  the  symbolic  abbreviation  for  recipe,  the  imperative 
mood  of  the  active  verb,  redpio,  recepi,  receptum  (3d  con- 
jugation), meaning  "to  take;  its  object  is  drachmamy  the 
accusative  singular  of  drachmay  se;  unam  is  the  accusative 
singular  of  the  adjective  unuSy  a,  -urn,  which  agrees  with 
drachmam.  Thus  we  have,  "take  one  drachm," — of  what? 
of  sulphate  of  quinine.  This  is  put  in  Latin  in  the  genitive 
(possessive  case  in  English);  sulphatis  is  the  genitive  of  Sul- 
phas;  quininse  is  the  genitive  of  Qainina, 

Recipe  Tincturm  Cinchonm  Compoaiiw  uncias  duas. 

Take         of  Gompooud  Tincture  of  Cinchona        ounces  two. 

Uncias  is  the  accusative  plural  of  uncia,  as,  governed  by  recipe. 
DiMis  is  the  accusative  plural  (fem.)  of  the  numeral  adjective, 
duOy  sdy  0,  and  agrees  witn  uncias, 

Tindurm,  noun  feminine,  genitive,  depending  on  undaSy  from 
Tinduray  se, 

OinchonaSy  noun  feminine,  genitive,  depending  on  tinduray  from 
Oinchonay  se, 

Compositsey  adjective,  feminine,  genitive,  (from  compositus,  a,  um), 
agreeing  with  tindurss.  (The  tincture  is  a  "  compound  tinc- 
ture.") 

Recipe  Glycerini  unciam  unam  et  semisgem. 

Take  of  Glycerin  ounce  one  and  a  half. 

Glycerini  is  the  genitive  of  the  neuter  noun  glycerinumy4y  depend- 
ing on  unciam. 

Unciam  is  the  accusative  singular  of  the  feminine  noun  nncia,  «, 
governed  by  recipe, 

Unamy  a  numeral  adjective,  accusative  singular,  agreeing  with 
unciam, 

Ety  is  the  conjunction  "  and." 

Semissemy  the  accusative  singular  of  semis,  gen.  semissis,  a  noun 
(masc.)  meaning  "  a  half  part." 

Recipe  Acidi  Sulphurici  Diluti,  quantum  sufficiat. 

Take  of  Acid  Sulphuric  Dilut^      as  much  as  may  suffice. 

Quantumy  accusative  singular  neuter  of  the  interrogative  and 
correlative  pronoun  quantuSy  a,  wm,  "  how  great,  how  much ;" 
the  neuter  standing  here  for  a  noun,  "  how  great  a  thing." 
There  is  to  be  supplied,  as  object  of  the  verb  " recipe"  the  de- 
monstrative pronoun  tantumy "  so  much :  recipe  [tantum^  quantum 
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mffidat,  "  take  [so  much]  how  much  may  suflBce  "  =  "  take  as 

much  as  may  suflBce." 
Suffidat,  third  person,  singular,  present  subjunctive,  of  mfficio, 

mffeciy  mffectum  (3d  conj  J,  "  to  suflHice." 
Acidiy  genitive  singular  of  Acidum,  i,  "  the  acid." 
Sulphuridy  genitive  singular  of  the  adjective  sulphurmiSy  a,  um, 

**  sulphuric,"  agreeing  with  Addi. 
DiiiUiy  genitive  singular  of  the  adjective  dilutuSy  a,  um, "  diluted," 

also  agreeing  with  Addi. 

Recipe  Aqute  ad  undas  quatuor. 

Take  of  water  to  oanoes  tbnr. 

Aquse  is  genitive  singular  of  aqua^  «,  "  water."  The  genitive  de- 
pends on  a  word  (iantum)  which  must  be  supplied  mentally 
(see  below). 

Ad,  preposition  with  accusative,  "  to,  up  to." 

Uncias,  accusative  plural  of  tcnday  «,  "  ounce." 

QuatuoTy  indeclinable  numeral,  "  four." 

The  sentence  is  curtailed,  since  there  is  apparently  no  object 
(accusative)  dependent  on  redpe.  In  its  complete  form,  the 
sentence  would  be :  Redpe  tantum  aquse  quaiitum  suffidat  ad 
undas  quatuoVy  "  take  as  much  water  as  [much]  would  be  sufl5- 
cient  up  to  four  ounces." 

It  is  rare  that  the  names  of  the  various  ingredients  are  ever 
written  out  in  full  in  a  prescription,  abbreviation  being  almost  a 
necessity.  This  should,  however,  be  carefully  and  considerately 
done,  for  such  abbreviations  can  in  some  instances  give  rise  to 
serious  errors.  As  examples,  a  number  of  such  misleading  abbre- 
viations are  given  here  : — 

May  be  taken  for 

A   'J   XT  J  /  Acidum  Hydrochloricum. 

Acid.  Hydioc.       j        u       Hydrocyanicum. 

.      ,y,,  j  AquaChlori. 

Aq.  Chlor.  |     ^.    Chloroformi. 

^  ,     ^, ,  J  Calcii  Chloridum. 

Calc.  Chlor.  |  ^alx  Chlorata. 


{ 


Ghlorum  (Chlorine). 
Chlor.  {  Chloroform. 

Chloral  Hydrate. 
^       -^  ,  f  Extractani  Colchici. 

txt.  Col.  -J  a  Colocynthidis. 

{Calomel. 
Corrosive  Sublimate. 
Hydrate  of  Chloral. 
Hydrargyrum  (Mercury). 
Hj'dras  (Hydrate). 
Hydrochlorate. 
Hvdrocyanate,  etc. 
Pot.  Chlor.  /  Potassium  Chlorate. 

I  "         Chloride. 

{Potassium  Sulphate. 
''  Sulphite. 
".         Sulphide. 


Hyd.  or  Hydr. 
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May  he  idketi  for 

QT.   „ /  Sodiam  Hypophosphite. 

Sod.  Hypo.  I        u      Hy^nlphite. 

{Sodiam  Sulphate. 
'*  Salphite. 
''      Salphide. 

ZincPhc.  {^r^S^Sfit 


Weights. 

The  Oanoe  (troy),  .Symbol  J^  Latin  Uncia         (480  grains). 

The  Drachm,      .    .       "         i  ^*     Drachma      (60  grains). 

TheScmple,  .    .   .       *'        5  "     Scrupnlom  (20  grains). 

The  Grain,      ...       "         gr.  **     Granum. 

Measubeb. 

The  Pint      .    .  Symbol  O  Latin  Octarins  (16  flaidonnoes). 

The  Fluidounce,      **  fj  **     Fluidnnda. 

The  Fluidrachm,      "  fsj  "     Fluidrachma  (60  minims). 

The  Minim,  .    .       ^^  ^i  '^     Minimnm  (^  of  a  flnidrachm). 

A  half,  ....       "  t»OTy^  "     Semis. 

Doses. — The  doses  given  in  the  text-books  are  either  the  maxi- 
mum and  minimum,  or  the  average  quantity  necessary  to  pro- 
duce the  full  eflTect  of  the  remedy  on  a  healthy  adult.  These 
must  be  diminished  for  children,  females  or  aged  persons,  or  in 
other  special  cases.  For  children,  the  dosage  may  be  regulated 
according  to  the  rule  of  Dr.  Young,  viz. :  "  Divide  the  age  of  the 
child,  in  years,  by  the  age  of  the  child  plus  twelve."    For  example, 

if  the  age  is  6  years,  the  dose  would  be  ^     ^^   =  —  =  -^ 

the  dose  for  a  child  of  six  years  is,  therefore,  one-third  of  that  for 
an  adult. 

Dr.  Cowling's  rule  is,  "  to  add  1  to  the  age  of  the  child  in 
years  and  divide  by  24."  For  example,  if  the  age  is  5  years,  add 
i  which  makes  6,  and  divide  by  24,  which  gives  ^  or  \.  Hence 
the  dose  for  a  child  aged  5  years  would  be  one-fourth  of  that  for 
an  adult. 

3d.  The  Subscription. — This  includes  special  instructions  to  the 
dispenser  for  compounding.  Since  the  modern  apothecary  is  pre- 
sumed to  be  sufficiently  educated  to  deal  with  all  sorts  of  com- 
binations, the  physician,  as  a  rule,  contracts  the  directions  to  a 
word  or  even  a  letter,  thus:  M.  {misce)y  S.  (8olve)y  F.  {fiat). 

Example : — 

B .     Morphime  hydrochloratis,      gr.  iij 

Saochari  albi  pnlveriS) ^i^. 

M  (isce).     F{iat)       p(ti7PM)  ;    ^{ivide)      i(n)      p(arfc«)      ttqiuaJes)     n{umero)    rx 

Mix.       Let  be      powder ;     divide      into       parts  equal      by  number  20 

made 
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4th.  The  Signature  {signaJtura  ==  label). — The  directions  for  the 
patient  are  frequently  abbreviated  and  usually  begin  with  "  Sig." 
or  "  S."  (=  signay  imperative  of  the  verb  signOy  "  to  mark ;   to 

label  ") ;  sometimes  with  :   "  Misce,  detur  cum  signatura " 

(mix  ;  let  it  be  given  with  the  directions  ....). 

Among  American  physicians,  the  directions  are  rarely  given  in 
Latin,  to  avoid  any  possibility  of  misinterpretation ;  also  for  the 
sake  of  the  patient,  who  should  fully  understand  the  directions. 
Hence  they  are  usually  written  in  full,  and  explicitly,  in  plain 
English. 

5th.  Following  the  instructions  for  the  patient,  the  physician 
signs  either  his  name  or  initials,  with  date.  The  name  of  the 
patient  should  always  be  written  in  the  upper  or  lower  corner  of 
the  prescription,  in  order  to  avoid  any  error  on  the  part  of  the 
dispenser  or  the  patient. 


LATIN  TERMS  AND  ABBREVIATIONS  OFTEN  USED  IN  PRE- 

SCRIPTIONS. 


WOBD  OR  PHBASK. 


Ady 

Ad  duos  viceSy     .    . 
Ad  aeetindam  vtcem,    .    . 
Ad  tertiam  vicemy    .    .   . 

AddCy 

AddaniuTy 

Addendus^ 

AdkibenduSy 

Ad  lihituniy 

Admovey 

Admoveatury     .... 

Agitato  vasCy 

Afiquoty 

Alter, 

Alternis  horiSy      .    .    .    . 

AlVUSy 

AmpluSy 

AmpullOy 

AnOy      

AUty 

Aqtui, 

Aqua  bullienSy      .    .    . 
Aqua  communiSy      .    .    . 

Aqua  fervenSy 

Aqua  fluvialiSy    .    .    .    . 
Aqtia  fontanOy     .    .    .    . 

Aquapluvialia 

BenCy 

BibCy 

Biduumy 

BiSy 

Bis  in  diCy  or  bi8  in  dieSy 
BoluSy 


Usual  Contsactiok. 


Ad  2  vie. 

Ad  sec  vie. 

Ad  3  tiam  vie. 

Add. 

Add. 

Add. 

Adbib. 

Ad  lib. 

Admov. 

Admov. 

Agit  vas. 

Aliq. 

Alt. 

Alt.  hor. 

Alv. 

Amp. 

Ampul. 

A,  or  aa,  or  aa. 

Aq. 

Aq.  bull. 
Aq.  com. 
Aq.  ferv. 
Aq.  fluv. 
Aq.  font. 
Aq.  pluv. 

Bib. 
Bid. 


Bol. 


Meaniko. 


To,  or  up  to. 

At  twice  taking. 

For  the  second  time. 

For  the  third  time. 

Add. 

Let  (them)  be  added. 

To  be  added. 

To  be  administered. 

At  pleasure. 

Apply. 

Let  (it)  be  applied. 

The  vial  being  shaken. 

Some. 

The  other. 

Every  other  hour. 

The  belly. 

Large. 

A  large  bottle. 

Of  each. 

Or. 

Water. 

Boiling  water. 

Common  water. 

Hot  water. 

River  water. 

Spring  water. 

Rain  water. 

Well. 

Drink  (thou). 

Two  days. 

Twice. 

Twice  a  day. 

A  large  pill. 
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LATIN  TERMS  AND  ABBREVIATIONS  OFTEN  USED  IN  PRESCRIP 

TIONS.— Cbn/mutfd. 


WoBD  OB  Phrase. 


Usual  Contbaction. 


Bulliat  or  BuUiant,     .    .    . 

Galefaetus^ 

Caute^ 

Cape^ 

Capiat, 

CapfnUaf 

Charla, 

Chariula, 

Cibus, 

Cochlear^  or  Cochleare,  .  . 
Cochleare  amplum,  .... 
Cochleare  magnum,  .  .  . 
Cochleare  parvum,   .... 

Cociio,       

CWrt,      

Colaturss  (d&tiye),  .... 

Collutorium, 

Collynum, 

Compo8ittL9,-a,-um,      .    .    . 

ConcisuSy-af-um, 

Congius, 

Contii8us,-a,'Um,  .... 
Coque;  CoquatUur,  .  .  . 
Cortex,  gen.  Corticis,  .  .  . 
Cras     (adv.) ;     Crastinus, 

(adj) 

Cras  mane  awnendus,     .    . 

Craa  nocte, 

CttJiM,  Cujua-libef,  .... 

Cum^ 

Cyathus,  or  Cyaihua  vina- 

rins, 

Da;  detur, 

/>^, 

Decanta, 

Decern;  Deeimua,    .... 

Dein, 

Deglutiatur, 

De/Uur  talea  doses  No,  v,    . 

Diebus  aUemis, 

DUue ;  DUuius^-a,-um,   .    . 

Dmidius,'a,-um,     .... 

Dividatur  in  partes  aequales, 

Dosis, 

Drachma,      

Eadem  (fem.) 

Ejusdem, 

Euiesis, 

Et, 

Extende, 

Fac 

Fiat,      

Fiatmistura, 

Fiai  pulvis   et   divide   in 

chartulas  no  xii,  .... 

Fiant 

Facpilulas  duodecim,     .    . 


Bull. 
Calef. 

Cap. 

Cap. 

Capsul. 

Chart. 

Chartnl. 

Cib. 

Coch. 

Coch.  amp. 

Coch.  mag. 

Coch.  parv. 

Ooct. 

Col. 

Colatur. 

CoUut. 

Collyr. 

Com  p. 

Concis. 

Cong. 

Contns. 

Coq. 

Cort. 

Crast. 


Ciy. 
C. 

Cyatb.,  C.  vinar. 
D.,  det. 

Decem. 


D.  t.  d.  No.  V. 

Dieb.  alt. 

Dil. 

Dim. 

D.  in  p.  seq. 

D. 

Dr.  or  3. 

Ead. 

£J|asd- 


Ext. 

F. 

Ft. 

Ft.  mist. 

Ft.  pulv.  et  div. 

chart,  xii. 
Fnt ,  or  Ft. 
F.  pill.  xii. 


m 


MSAMrNQ. 


Let  boil. 

Warmed. 

Cantionsly. 

Take  (thou). 

Let  him  take. 

A  capsule. 

P&per. 

A  small  paper. 

Food. 

A  spoonful. 

A  dessertspoonful. 

A  tablespoonful. 

A  teaspoonful. 

Boiling  (noun). 

Strain. 

To  the  strained  liquor. 

A  mouth  wash. 

An  eye  wash. 

Compounded. 

Cut. 

A  gallon. 

Bruised. 

Boil ;  let  them  be  boiled. 

The  bark. 

To-morrow. 

To  be  taken  to-morrow  morning. 

To-morrow  night. 

Of  which,  of  any. 

With. 

A  wine-glass. 

Give  ;  let  be  given. 

Of,  or  from. 

Pour  oflf. 

Ten ;  the  tenth. 

Thereupon. 

Let  be  swallowed. 

Let  5  such  doses  be  given. 

Every  other  day. 

Dilute  (thou) ;  Diluted. 

One-half. 

Let  it  be  divided  into  equal  parts. 

A  dose. 

A  drachm  (60  grains). 

The  same. 

Of  the  same. 

Vomiting. 

And. 

Spread. 

Make. 

Let  be  made  (sing.). 

Let  a  mixture  be  made. 

Let   a    powder   be   made,   and 

divide  it  into  12  papers. 
liCt  be  made  (pi.). 
Make  twelve  pills. 
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LATIN  TERMS  AND  ABBREVIATIONS  OFTEN  USED  IN  PRESCRIP- 
TIONS.—Qm<wi««d. 


Word  or  Pmrabb. 


Fervens^ 

Filtra,       

Qargarismaj     .... 

Oradatim, 

Gutta;  OuttsPf     .    . 

HatMtus, 

Hebdomas, 

Hora^ 

Idem^ 

In  di€8, 

Jnter^ 

JntemuB^'a^'Umj  .   .   . 

Juxia, 

LaCy  gen.  Lactis,     .    . 

Lotio, 

Maeera^ 

MagnuSj-aj-umj   .   .    . 

Mane^ 

ManuSy 

Micapania, 

Minimum, 

Mi9ce, 

Mitie, 

Modicu8^'€L,'Um,  .  .  . 
Modo  prpescriptOf     .   . 

Non^      

Non  repetatur^  .  .  . 
Noz,  gen.  NaetU,    .   . 

NumerOf 

OmniKora^ 

Omni  mane,  .  .  .  . 
Omni  node,  .... 
Partitie  vicibue,  .  .  . 
PasliUtte;  Paatilium,  . 

Per, 

PiluJa,      

Poculum, 

Potu9, 

Praeparatus,-n,'Um,  . 
Primus,-a,'Um,    .    .    . 

Pro 

Pro  re  nata,     .... 


Usual  Gomtragtiok. 


PidviSy 

Quantum  libet, 
Quantum  sufficiat, 
Quaque  (abl.),  . 
Quartu8,'a,-um,  . 
Quatuor,  .... 
Quinque,  .  .  .  . 
Quintu8y-a,-um,  . 
Quotidie,  .  .  . 
Recipe,  .... 
Reliquus,'a,'Um,  . 
Repetatur,  .  .  . 
Saturatus,  -a,  -um, 
Scatula,    .... 


Ferv. 

Gaig. 

Grad. 

Gtt 

Haast. 

Hebdom. 
iH. 
.'Id. 

lud. 

lot 

Lac. 
Lot. 
Mac. 
Mag. 

Manas. 

Mic.  pan. 

M.  or  min. 

M. 

Mit 

Modic. 

Mod.  pnesc. 

Non  repetat. 

No. 
Omn.  hor. 


Part.  vie. 
PastU. 

Pil. 
Pocul. 

Pwep. 
Primns. 

P.  r.  n. 


Pulv. 
Q.  lib. 
Q.  8. 

Qq. 
Quart. 

Qnat. 

Quinq. 

Quint. 

Ouotid. 

Rept. 
Sat. 

Scat. 


MBAI7INO. 


Boiling. 
Filter  (thon). 
A  gargle. 

By  degrees,  gradnall3\ 
A  drop ;  drops. 
A  draught. 
A  week. 
An  hour. 
The  same. 

Daily,  or  from  day  to  day. 
Between. 
Inner  or  Internal. 
Near  to. 
Milk,  of  Milk. 
A  lotion. 
Macerate. 
Large. 

In  the  morning. 
The  hand, 
Crumb  of  bread. 
A  minim. 
Mix. 
Send. 

Middle-sized. 
In  the  manner  prescribed. 
Not 

Let  it  not  be  repeated. 
Night 
In  number. 
Every  hour. 
Every  morning. 
Every  night 
In  divided  doses. 
A  pastille. 
Through,  By. 
A  pill. 
A  cup. 

Drink  (noun). 
Prepared. 
The  first 
For. 

Occasionally,    as   occasion    de- 
mands. 
A  powder. 

As  much  as  is  desired. 
As  much  as  is  sufficient. 
Each,  or  Every. 
Fourth. 
Four. 
Five. 
The  fifth. 
Daily. 
Take. 

Remaining. 
Let  it  be  repented. 
Saturated. 
A  box. 
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LATIN  TERMS  AND  ABBREVIATIONS  OFTEN  USED  IN  PRESCRIP 

TIO^S.— Continued. 


Word  or  Phrask. 


Serupulumy  ... 
Secundemartem,      .    . 
Secundus-aj-uniy  .    .    . 
Semis,  gen.  SemissiSy  . 

Septeniy 

Sex, 

Signa, 

Simul, 

Sine, 

Solve^ 

Somnus, 

Statim,      

Same, 

Supra, 

Talis, 

Ter, 

Ter  in  die,  or  Ter  die, 

Tere, 

Tertiu8,'a,'nfn,    .    .    . 

Tree, 

TViduum,     .... 

7\lS9i8,       ..... 

Ultimo  prsescriptus,    . 

Una 

Uncia,       

Ut  dictum, 

Vaavitreum,    .    .    .    . 
Vel 

Vinum, 

Vires  (pins.),  .    .    ,    . 

Vitellus, 

VUreus,-a,-um,    .    .    . 


Usual  Contraction. 

Mraming. 

Scnip.,  or  9. 

A  scruple  (20  grains). 

S.  A. 

According  to  art. 

Second. 

Second. 

Ss. 

A  half. 

Sept. 

Seven. 

Six. 

Sig. 

Write,  or  Mark  (thou). 
Togetner. 

Without. 

Solv. 

Dissolve. 

Somnns. 

Sleep. 

Stat. 

Immediatel^r. 

Sam. 

Take  (thou). 

Above. 

Tal. 

Such  a  one. 

Thrice,  or  Three  times. 

T.  i.  d.,  or  T.  d. 

Thrice  dailv. 

Rub  (thou). 

Tert. 

Third. 

Three. 

Trid. 

Three  days. 

TU8. 

A  cough. 

Ult.  prsesc. 

The  last  ordered. 

Una. 

Together. 

Unc.  or  3- 

An  ounce. 

Ut.  Diet. 

As  directed. 

Vas  vit. 

A  glass  vessel. 

Or. 

Vin. 

Wine. 

Vir. 

Strength. 

Vitel. 

Yolk. 

Vitr. 

Made  of  glass. 

FOREIGN  PRESCRIPTIONS. 

German  prescriptions  offer  some  differences  of  nomenclature, 
particularly  in  the  use  of  the  adjective,  thus : — 

H .     Kali  hydrojodici, 5.0  (Kalium 

Hydrojodicum). 

Aqu8B  camphoratse, 50.0  (Aqua  cam- 

phorata). . 
Syrupi,  120.0  (Syrupus). 

Rendered  into  Anglo-Latin : 

Potassii  lodidi, 5.0 

Aquae  Camphorse, 50.0 

Syrupi,      120.0 

Thus  Natrium  aceticum  is  written  for  Sodii  Acetas ;  Ferrum 
jodatum  for  Ferri  iodidum ;  Ferrum  sulfuricum  for  Ferri  Sulphas, 
etc. 

A  few  physicians  of  the  old  school  still  employ  some  cabalistic 
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signs*  (Fig.  383)  derived  from  alchemistic  times;    and  certain 
obsolete  terms  are  occasionally  employed  to  designate  well  known 


Fig. 

383. 

Aqua.   ^ 

PulTiB.    g 

Saocharum.  ff 

Aqua pluvUllB.   \I) 

Acidum.  ^ 

Auram.   © 

SaL0 

ArgeDtum.   Jk 

Spiritua.  ^ 

Camphonk    ;*2 

Spiritos  Yini  recti  flcatua.  ySyO 

..                                      tt  #   ^  # 

Spiritus  Yini  rectlficatiasimus.  ^^ 

CryBtallum.  XX 

v\. 

Cuprum.   Q 

Stannum.  21 

DwtiUatua.  ff. 

Stibium.  () 

Ferrum.    ^ 

Omni  hora.   ^ 

Poison.  4& 

Snblimatum.  :£^ 

Hjdrargyrum.  M 

Sulphur.  ^ 

Nltrum.  Q) 

Tartarum.  Q 

PhoBphorua.  ^ 

Yitriolum.  0 

Plumbum.  ^ 

Yitrum.  W 

Preclpitatua.  ~ 

YoUtile.  /\ 

remedies.    The  following 

table  will 

explain  a  number  of  such 

terms-t 

• 

For  Acetam  plambi 

rend  Liquor  Plnmbi  subacetatis. 

it 

flataminnm 

11 

H                 11                    (( 

u 

Aqna  satarni 
^^     phagedienica 

u 

"    dilutus. 

u 

n 

Lotio  hydrargyn  flava. 

u 

'^     fontaDa 

11 

Aqua  pnra. 

n 

Aqnila  alba 

n 

Hydrai^ri  subcbloridum. 

u 

Flores  benzSes 

i( 

Acidum  benzoicum. 

(( 

*^     naphe 

(( 

Flores  aurantii. 

u 

"     zind 

(( 

Zinci  ozidum. 

(( 

Gnmmi  miiuoeee 

(( 

Acacia. 

t( 

TApis  infernalis 

u 

Argenti  nitras. 

(( 

Magisterinm  bismathi 

(( 

Bi^mutbi  subnitras. 

(( 

MercnriiiB 

(( 

Hydrargyrum. 

(i 

Natram  carbonicnm  acidnlum 

(( 

Sodii  bicarbonas. 

(( 

Natro-kali  tartaricum 

u 

Potassii  et  sodii  tartras. 

Li 

Nihilam  album 

li 

Zinci  oxidum. 

n 

Oleum  anthos 

il 

Oleum  rosmarini. 

u 

Protojoduretnm  bydrargyri 

n 

Hydiargyri  iodidam  viride. 

(( 

Saccbarum  satumi 

u 

Plumbi  acetas. 

(( 

Sal  amaram 

(( 

Magnesii  sulphas. 

t( 

^^  mirabile 

u 

Sodii  sulphas. 

u 

Sapo  viridis 

n 

Sapo  mollis. 

a 

Spiritua  Mindereri 

u 

Liquor  ammonii  acetatis. 

u 

Tinctura  tbebaica 

(( 

Tinctura  opii. 

u 

Acidum  pbenvlicum 

{( 

Acidum  carbolicum. 

t( 

Aqua  amjgdalarum  amararum 

u 

Aqua  laurocenisi. 

u 

Calcaria  usta 

u 

Calx. 

(( 

Cortex  cbins 

u 

Cinchona. 

(( 

Chininum 

ti 

Quinina. 

*  Real-EDCjclopeedie  der  Pbarmacie,  bj  Geissler  and  Moeller,  YoL  I,  p.  23,  Wlen. 

t  Selected  (with  alterations)  from  "  The  Art  of  Dispensing,"  CTiemitt  and  Druggittf  London. 
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JVr  Flores  close 
Gatti 

Hydrargyram  amidato-bichlorat. 
Kalinm 
Kali 

Lini  men  tarn  volatile 
Radix  liquiritiffi 
Liquor  ammonii  caustic! 
Natrium 
Natmm 
Stibium 
Semen  strycbni 
Tartarus  depnratus 

'^        natronatns 

^*        stibiatus 
Tinct.  opii  benzoica 
Vinum  stibiatum 


read 

tt 

n 
n 
n 
<( 
<( 
<( 
(( 
(( 

C( 

c< 

n 


Santonica. 

Cambogia. 

Hydrargyrum  ammoniatnm. 

Potassium. 

Potassa. 

Linimentum  ammoniie. 

Glycyrrhiza. 

Liquor  Ammonise. 

Sodium. 

Soda. 

Antimoninm. 

Nux  vomica. 

Potassii  bitartras. 

Potassii  et  sodii  tartras. 

Antimonii  et  potassii  tartras. 

Tinctura  opii  camphorata. 

Vinum  antimonii. 


The  quantities  ordered  are  always  understood  by  weighty  unless 
specially  specified.  The  metric  system  being  employed  exclus- 
ively by  the  Continental  countries,  a  few  typical  examples  are 
given.    (See  also  Typical  Prescriptions.) 

R.     Apomorpb.  raur.  cryst., 0.04  04 

Morpb.  mur.,      0.02  02 

Aquae  amygd.  amar., 5.0      or     5 

Elix.  pectoralis,      20.0  20 

Aqu.  deetill.,       30.0  30  ' 

R.     Ammonii  Cbloridi, 10  Gm. 

Ext.  Glycyrrh.  Fid., 10  Gm. 

Aquae  Foeniculi, 250  Gm. 

R.     Morpbinae  sulpbatis, 0.001  Gm. 

Saccbari, 1.5      Gm. 

French  Prescription. 

R.     Kermes  mineral, 0.10  gramme. 

Gomme  arabique, q.  s. 

Eau  destill6e, 150  grammes. 

Teint.  d'aconit, 6  gouttes. 

Sirop  diacode, 30  grammes. 


"TABLE   OP   TERMS   LIKELY   TO   OCCUR  IN  FRENCH  AND  GERMAN 

PRB6CRIPTI0NS."  * 


A,  Fr.f  to,  or ;  Trois  k  qnatre  paquets 

(tbree  or  four  powders). 
Abendessen,     Abeud-brod,     -mablzeit, 

-tisch,  Oer.y  supper.     Drei  vondiesen 

Pi  Hen  Yor  dem  Abendessen.     (Tbree 

of  tbese  pills  before  supper.) 
Acide  azotique,  /V.,  nitric  acid. 
Aetz  -  Ger.j  caustic. 
Aetzstein,  Oer.,  caustic  potasb. 
Aloobol  sulpburis,    Ger.    Lat,    carbon 

bisulphide. 
Alcobol  de  soufre,    Fr.,   carbon   bisul- 

pbide. 
Altscbadenwaaser,     Oer.y     lotio    flava, 

yellow  wash. 


Aqua  calcaria,  O.  L.,  lime  water. 

Aqua  cblorata,  O.  L,,  chlorine  water. 

Arsenige  SHure,  Oer,^  arsenious  acid. 

Arsensiiure,  Ger.j  arsenic  acid. 

Augenstein,  Cfer.  lapis  divinns. 

Azotate,  Fr.^  nitrate. 

Barbotine,  Fr.,  santonica. 

Bandrucbe,  fV.,  goldbeater's  skin. 

Bissen,  Ger.,  bolus.  Secbs  Bissen  im 
Tage  zu  nehmen  auf  drei  Gaben  ver- 
theilt.  (Six  boluses  to  be  taken 
daily,  divided  into  tbree  doses.) 

Blauholz,  Ger.f  logwood. 

Bleiessig,  Ger,^  liq.  ^plumbi  subacetatis. 

Bol,  /v.,  bolus.      A  prendre  six  bols  par 


•Selected  from  "  The  Art  of  DispeDsiDg,"  ChemUt  and  Drugffut,  London.— G-^.  Lat.  or  G.  L.  means 
"  German-Latin,"  that  is  modern  Latin,  as  employed  in  Germany  and  some  other  European  countries. 
25 
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jonr  en  lee  partageant  en  trois  doeee. 
(Six  bolnaee  to  be  taken  every  day, 
dividing  them  into  three  doses.) 

Boardaine,  /V.,  Rbamnos  Frangala. 

Culcaria,  G.  L.,  calx  or  calcinm. 

Carboneam,  G.  L.,  carbon. 

Carbonicn8,-a,-um,  G.  L.,  carbonas,  or 
carbonate. 

Caut^re  potentiel,  Fr,,  caustic  potash. 

Chamomiila  vulgaris,  G,  L,  ;  Matricaria 
chamoniilla,  L. 

Chaux,  Fr.,  lime. 

Chinin,  6rer.,  quinine. 

Chininum,  G.  L.,  quinine. 

Chloratus,-a,-umy  G,  /«.,  chloride. 

Chlorsaures,  Ger.^  chlorate. 

Cinchoninum,  G.  L,,  cinchonine. 

Citricu8,-a,-um,  G,  L.,  citrate. 

Coccionella,  G.  L.,  cochineal. 

Ck>lla  piscium,  G.  X.,  ichthyocolla. 

Goton  card6,  Fr.,  wadding,  cotton  wool.  ^ 

Coucher,  Fr.^  bed-time,  going  to  bed.  A 
prendre  deux  pilules  avant  le  coucher. 
(Two  pills  to  be  taken  at  bed-time. ) 

Cyanatus,-a,-um,  G.  L.,  cyanidum,  cy- 
anide. 

Cuiller6e  jicaf<6,  iV.,  teaspoonful.  Uiie 
cuiller^e  k  cafl§,  au  cas  d'une  attaque 
de  toux.  (A  teaspoonful  to  be  taken 
if  the  cough  comes  on.) 

Cuiller^e  k  soupe,  Fr.^  tablespoonful. 
Prenez  nne  cuiller^e  k  soupe  toutes 
les  deux  heures.  (One  tablespoonful 
every  two  hours. ) 

Dower'sches  Pulver,  Ger.,  Dover's 
powder. 

L'effet  voulu,  Fr.j  the  desired  effect. 
Une  cuiller^e  k  caf6  toutes  les  demi- 
heurefl  jusqu'k  I'effet  vouhi.  (A  tea- 
spoonful every  half  hour  till  it  acts.) 

Einspritzung,  Ger.^  injection. 

KiHCSsig,  Ger.,  glacial  acetic  acid. 

Emplastrnm  adhabsivum  anglicum,  G. 
L.,  court  plaster. 

Emplastrum  picatum,  G.  L.,  pitch 
plaster. 

Essen,  Ger.^  meal. 

Essig,  Ger.,  vinegar. 

Essloffel,  Ger.f  tablespoon.  Alle  zwei 
Stunden  einen  EssloffeUvoll.  (A 
tablespoonful  every  three  hours.) 

Ferrocyanatus,-a,-nra,  G.  L.,  ferrocyan- 
ide. 

Flasche,  Ger.,  bottle.  SchUtteln  Sie  die 
Flasche.     (Shake  the  bottle. ) 

Fois,  jFV.,  time.  Prenez  en  quatre  fois 
k  une  derai  heure  d'intervalle.  (To 
be  taken  in  four  portions  at  intervals 
of  half  an  hour.)  ^ 

Gouttes,  /V,  drops.  A  prendre  dix 
gouttes  trois  fois  par  jour.  (Ten 
drops  to  be  taken  thrice  daily.) 

Glas,  Ger.^  glass,  tumbler. 

Hirschtalg,  Ger.,  mutton  suet. 


HoUenstein  Ger.j  silver  nitrate,  lunar 
caustic. 

lodure  de  formyle,  ^.,  iodoform. 

Kohlensaure,  Ger.,  carbonic  acid. 

.  KUmmel,  Ger,^  caraway. 

A  jeun,  jPV.,  fasting.  Prenez  deux 
on  trois  de  ces  pilules  k  jeun.  (Take 
two  or  three  of  these  piUs  fasting.) 

Latwerge,  Ger,^  electuary. 

Liavement,  Fr.^  enema. 

Limonade  s^he,  Fr.,  efiServescent  saline. 

Liquiritia,  G.  L.,  glycyrrhiza. 

Mai,  Ger.y  time,  portion.  Auf  vier  Mai 
in  halbstUndigen  Zwischenriiumen 
zu  nehmen.  (To  be  taken  in  four 
portions  at  intervals  of  half  an  hour.) 

Mittagsessen,  Ger,^  dinner  (properly 
'mid -day  meal').  Dieses  Pulver  un- 
mittelbar  vor  dem  Mittagsessen  zn 
nehmen.  (This  powder  to  be  taken 
immediately  before  dinner.) 

Natrium,  G.  A.,  sodium  ;  Natrum,  G. 
L.,  soda,  sodium  oxide. 

NUchtern,  Ger.,  sober,  fasting.  Vieroder 
sechs  von  diesen  Pi  lien  nUchtem  zu 
nehmen.  (Four  or  six  of  these  pills 
to  be  taking  fasting,  or  before  break- 
fast) 

Oblate,  Ger.^  wafer.  Ein  Pulver  vor 
der  Mahlzeit  in  einer  Oblate  zu 
nehmen.  (A  powder  to  be  taken  in  a 
wafer  before  meals.) 

Ordon nance,  /V.,  prescription. 

Ouate,  /v.,  wadding,  cotton  wool. 

Pain  azyme,  Fr,,  wafer.  Un  de  cea 
paquets  k  prendre  dans  du  pain 
azyme  avant  le  repas  (One  of  these 
powders  to  be  taken  in  a  wafer  before 
meals. )  ^ 

Paquet,  Fr.,  a  packet,  powder.  A  pren- 
dre un  paquet  toutes  les  deux  heures. 
(One  powder  to  be  taken  every  two 
hours.)  On  prend  un  de  ces  paquets 
peu  de  tern ps  avant  I 'attaque  defi4vre. 
(One  of  these  powders  to  be  taken 
shortly  before  the  fever  fit. ) 

Pusta  gummosa,  G.  L.,  pilte de  guimauve 
Fr.  Marsh  mallow  paste.  ^ 

Pastilles,  Fr.,  lozenges.  A  prendre  de 
quatre  k  six  pastilles  par  jour.  (Four 
to  six  lozenges  to  betaken  daily.) 

Pastillen,  Ger.,  lozenges.  Man  nimmt 
von  diesen  Pastillen  auf  einmal  nur 
eine  alle  zwei  Stunden.  (One  only  of 
these  lozenges  to  be  taken  every  two 
hours.) 

Pierre  &  c^ut^re,  Fr.,  caustic  potash. 

Pillen,  Ger.,  pills.  Zwei  Pi  lien  jeden 
Abend  vor  dem  Zubette-gehen.  (Two 
pills  every  evening  before  going  to 
bed.) 

Pilules,  Fr.,  pills.  Deux  pilules  chaque 
soir  avant  le  coucher.  (Two  pills 
every  evening  before  going  to  bed.) 
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Pinc^,  Fr.,  a  pinch.  Infnsez  une  pinc^e 
de  ces  herb^  avec  un  demi-litre  d'ean 
bouillante  pour  faire  une  tisane. 
(Infuse  a  piuch  of  these  herbs  in  half  a 
pint  of  water  to  make  a  draught. ) 

Potasse  h  la  chaux,  Fr.j  caustic  potash. 

Potion,  Fr.,  mixture,  potion. 

Pondre,  Fr.^  powder.  Matin  et  soir  nne 
poudre  dix  minutes  avant  le  lepas. 
(One  powder  every  morning  and 
eveninj<,  ten  minutes  before  meals.) 

Poudre  alexit^re  Fr.,  Dover's  Powder. 

Poudre  anodine,  Fr.,  Dover's  Powder. 

Poudre  diaphor^tique,  Fr.,  Dover's 
Powder. 

Poudre  gazeuse,  or  Poudre  gazif  ^re  pur- 
gative, Fr.,  Seidlitz  powder. 

Poudre  gazogene,  Fr.,  effervescent  or 
gazogene  powder. 

Poudre  gazogene  nentre,  Fr.,  soda 
powder. 

Poudre  gazogene  laxative,  Fr.,  Seidlitz 
powder. 

Poudre  Savory,  Fr.,  Seidlitz  powder. 

Poudre  sndorifique,  Fr.,  Dover's  Pow- 
der. 

Priser  par  le  nez,  Fr.,  to  snuffl  Pour 
priser  par  le  nez  cinq  ou  six  fois  par 
jour.  (To  be  snuffed  five  or  six  times 
daily.) 

Pulver,  Gcr.,  powder.  Ein  Pulver  jed^n 
Morgen  und  Abend  zehn  Minuten  vor 
dem  Essen.  (One  powder  every  morn- 
ing and  eveninic,  ten  minutes  before 
meals.)  Man  nimmt  ein  Pulver  kurz 
vor  Fieberanfall.  (A  powder  to  be 
taken  shortly  before  the  fever  fit.) 

Pulvis  aerophorus,  O.  L.,  effervescent 
powder,  gazogene  powder,  soda  pow- 
der. 

Pulvis     aerophorus    lazans,      O.    L., 
Seidlitz  powder. 

Pulvis  gummosus,  O.  L.,  pulvis  traga- 
canthffi  CO. 

Kancherkerzchen,  Ger.,  fumigating  pas- 
tilles. 

Baucheressig,  Ger.,  toilet  or  disinfecting 
vinegar. 

Bepas,  Fr.^  meals. 

Rezept,  Ger.,  prescription. 

Kiechessig,  Ger.,  aromatic  vinegar. 

Saindoux,  Fr.,  lanl. 

SUure,  Ger.,  acid. 

Schlafengehen,  Ger.,  "  going- to  bed," 
bed-time.      Vor  dem   Schlafengehen 


zwei  Pillen  zu  nehmen.  (Two  pills 
to  be  taken  at  bed-time.) 

Schnupfen,  Ger.,  to  snuff".  FUnf  bissechs 
Mai  im  Tage  zu  schnupfen.  (To  be 
snuffed  five  or  six  times  daily.) 

Schwarzes  Wasser,  Ger.,  black  wash, 
lotio  nigra. 

Schwefel,  Ger.,  sulphur. 

Schweflige  SUure,  Ger.,  sulphurous  acid. 

Schwefelaaure,  Ger.,  sulphuric  acid. 

Sebum,  G.  L.,  sevum,  suet. 

Sel  de  lait,  Fr.,  milk  sugar. 

Soufre  v6g6tal,  Fr.,  lycopodium. 

Stibium,  G.  L.,  antimonium. 

Sucre  de  Satume,  Fr.,  lead  acetate. 

Sulfuratus,-A,-um,G'.  X.,  *  ^sulphurated," 
sulphidum,  sulphuretnm.  sulphide. 

Sulfuricus,  a,-um,  G.  L.,  "sulphuric," 
sulphas,  sulphate. 

Table, /"r.,  stable.  Se  mettre  &  table.  (To 
dine. )  A  prendre  deux  de  oes  pilules 
en  se  mettant  k  table.  (Two  pills  to 
be  taken  before  dining.) 

Taffetas  d'Angleterre,  ^.,  court  plaster. 

Tartarus  boraxatus,  G.  L.,  soluble  tartar, 
potassium  boro-tartrate. 

Tartarus  depuratus,  G.  L.,  potassium 
acid  tartrate,  cream  of  tartar. 

Tartarus  natronatus,  G.  L.,  Rochelle 
salt,  potassium  and  sodium  tartrate. 

Tartarus  stibiatus,  G.  L.,  tartar  emetic, 
antimonium  tartaratum. 

TheeUiffel,  Ger.,  a  teaspoon.  Ein  Tbee- 
loffelvoll,  a  teaspoonful. 

Tisane,  Fr.,  draught,  medicated  drink. 

Tisch,  Ger.,  table.  Zu  Tische  gehen. 
(To  take  a  meal.)  Man  nehme  zwei 
von  diesen  Pillen  wenn  man  ±\x 
Tische  geht.  (Take  two  pills  before 
eating. ) 

Trifolium  fibrinum,  G.  L.,  Menyanthes 
trifoliata,  buckbean. 

Tropfen,  Ger.,  drop.  Drei  Mai  des 
Tages  zehn  Tropfen  zu  nehmen.  (Ten 
drops  to  be  taken  thrice  daily.) 

Verordnnng,  Ger.,  prescription. 

Verre,  Fr.,  glass,  tumbler.  Un  verre 
d'eau  sucr^e.  (A  tumbler  of  sugar 
and  water.) 

Wasserstoff',  Ger.,  hydrogen. 

Weinsteinsaure,  Ger.,  tartaric  acid. 

Wirkung,  Ger.,  action,  effects.  Ein 
Theeloffelvoll  alle  hallie  Stunden  bis 
znr  Wirkung  zu  nehmen.  (Take  a  tea- 
spoonful  every  half-hour  until  it  acts.) 
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HOMOEOPATHIC  DISPENSING. 

Homoeopathic  medicines  are  prepared  in  the  form  of: — 

Solutions  in  water,  alcohol,  or  a  mixture  of  these,  or,  very  rarely, 
in  ether,  glycerin,  or  syrup. 

Triturations  with  sugar  of  milk. 

Liquid  Attenuations. — Pilules  and  globules  are  merely  forms  of 
dispensing  the  liquid  attenuations. 

The  mother  tinctures  are  of  the  strength  of  10  per  cent.,  based 
on  a  percentage  of  dry  plant.  Should  the  fresh  plant  be  employed, 
the  amount  of  moisture  is  estimated  and  a  corresponding  quan- 
tity taken.  The  process  of  attenuation  (dilution)  begins  from  a 
point  termed  "  zero,"  which  is  marked.  This  represents  usually 
the  pure  medicinal  substance.  The  strong  or  mother  tincture  is 
marked  6>.  The  first  decimal  (Ix)  attenuation  contains  10  per  cent, 
of  the  tincture;  it  is  made  by  adding  10  parts  of  mother  tincture 
to  90  parts  of  the  diluent.  Or,  it  may  be  made  as  follows: 
Select  a  clean  half-ounce  bottle  with  a  good  tight-fitting  cork; 
then  put  in  20  minims  of  the  mother  tincture  and  180  minims 
of  alcohol  of  the  same  strength ;  cork  the  bottle  and  shake.  This 
constitutes  the  first  decimal  attenuation,  and  should  be  marked 
Ix.  Each  subsequent  attenuation  is  prepared  in  like  manner 
from  the  one  preceding  it,  and  should  be  marked  in  order,  2x, 
3x,  etc.  This  constitutes  the  decimal  scale.  The  centesimal 
attenuations  are  prepared  in  the  same  way,  but  are  diluted  in  the 
proportion  of  1  in  100  instead  of  1  in  10,  and  are  generally  marked 
m  figures  1,  2,  3,  etc. 


H0MCEX3PATHIC  TRITURATIONS. 

Hahnemann  published  minute  directions  for  making  tritura- 
tions, and  his  method  is  still  adhered  to,  with  the  small  alteration 
of  the  quantity  of  sugar  of  milk  used  at  each  stage  of  the  pro- 
cess. He  recommends  that  1  grain  of  the  substance  be  triturated 
with  99  grains  sugar  of  milk  for  one  hour.  It  is,  however, 
recommended  in  the  Homoeopathic  Pharmacopoeia  to  use  the 
proportion  of  1  to  9,  as  it  is  found  that  a  better  and  more  perfect 
mixture  results.  The  substance  is  to  be  first  triturated  in  a  clean 
Wedgwood  mortar  with  an  equal  amount  of  sugar  of  milk,  a  horn 
or  ivory  spatula  being  occasionally  used  to  scrape  the  mixture 
from  the  sides  of  the  mortar.  This  completes  the  first  stage  of 
the  process. 

The  second  stage  consists  in  adding  and  mixing,  as  before,  three 
times  the  amount  of  sugar  of  milk  used  in  the  first  stage.  The 
third  stage  consists  in  adding  and  mixing,  as  before,  five  times 
the  amount  first  used,  when  the  trituration  is  regarded  as  com- 
pleted, and  can  be  transferred  to  a  perfectly  clean,  dry  bottle, 
carefully  corked  and  labeled  Ix.     This  constitutes  the  first  deci- 
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mal  attenuation,  containing  1  part  of  the  substance  in  10.  For 
making  subsequent  triturations,  1  part  of  the  first  trituration  and 
9  parts  of  sugar  of  milk  in  fine  powder  are  mixed  in  two  stages  in 
a  manner  similar  to  that  employed  in  making  the  first  decimal 
trituration.  It  should  be  noted  that  coarse  sugar  of  milk  is  used 
in  the  first  and  second  stages  of  the  first  trituration  and  fine  sugar 
of  milk  in  all  subsequent  triturations. 

The  method  of  medicating  pills  and  globules  consists  in 
putting  a  suitable  quantity  in  a  clean,  dry  bottle,  and  pouring 
over  them  a  sufficient  quantity  of  tincture  (of  the  strength 
required)  to  thoroughly  saturate  them,  shaking  the  bottle  in  a 
circular  direction  so  as  to  insure  them  all  being  equally  saturated, 
and  then  drying  them  by  allowing  the  spirit  to  evaporate. 

Tincture  triturations  are  a  form  of  powder  now  used,  and  for 
the  preparation  of  which  definite  instructions  are  given  in  the 
Homoeopathic  Pharmacopoeia.  Briefly,  they  are  prepared  by 
pouring  successive  quantities  of  tincture  on  sugar  of  milk,  con- 
tained m  a  mortar,  thoroughly  mixing,  and  allowing  the  mixture 
to  dry  after  each  addition  of  tincture,  so  that  the  strength  of  the 
powder  ultimately  obtained  represents  1  minim  of  tmcture  in 
each  grain: — 

B .    Tinct.  Nucis  Yomices,  6x, ^ 

Aqae  deetiU., f  5  YJ. 

M.   Ft.  mifltara,  ciy  us  capiat  cochlearia  dao  magna  tertiis  boris. 
Twelve  drops  of  the  sixth  dilution  are  prescribed. 

B .     Nucis  VomicsB, i 

Sacch.  Lactis,      q.  s 

Ft.  pulvis.     Mitte  vj. 

7\do  grains  of  the  third  dilution  are  triturated  with  sufficient 
Sugar  of  Milk  and  made  into  powders. 

B,     Pil.  ChamomillflB, ^. 

Direct  a  pilule  to  be  taken  every  three  hours. 

Three  pilules  saturated  with  tincture  of  the  twelfth  attenuation. 

R.     Tinct.  Belladonns,  3x, ^3cij 

Aquae  destill., fSUJ- 

Ft.    Misce.    Dessertspoonful  every  six  hours. 

Tinct.  Pulsatillae  0, ntx 

Aquae  dest., f  3  iu  • 

The  Tincture  of  Belladonna  should  be  the  third  attenuation. 

The  Tinct.  of  Pulsatilla  should  be  the  mother  tincture  (10  per 

cent). 

R.     Trit  Mercurii  sol.,  6x, gr.  J 

Mitte  tales  chart,  x^. 

This  should  be  diluted  with  a  little  Sugar  of  Milk  before 
dividing.  The  trituration  of  Mercurius  Solubilia  is  prepared  from 
Suboxide  of  Mercury  (Hg|0). 
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SOLUBILmBS. 

In  the  compounding  of  prescriptions,  an  acquaintance  with  the 
general  rules  of  solubility  is  of  great  value  to  the  dispenser.  For 
this  purpose  the  general  table  of  solubilities  in  water  (normal 
temperature),  as  compiled  by  Prof.  Attfield,  is  given : — 

Acetates.— Soluble. 

Arsenates  and  Absentfes.— Inaolable,  except  tboM  of  alkali  metals. 

Bromidbs. — Soluble,  except  Hg(oaB)  and  Ag.— Sb,  Bi,  with  water  form  inaolabie 

Oxysalts. 
Carbonates. — Insoluble,  except  those  of  alkali  metals. 
Chlorides. — Soluble,  except  Hg(ou8)  and  Ag.— Pb  sparingly. 
Citrates. -i-Soluble,  except  those  of  Mn,  Hg(ous),  Ag,  Sr— Al,  Ba,  Bi,  Cd,  Cu,  Pb, 

Zn,  sparingly  soluble. 
Cyanides. — Insoluble,  except  Hg  (ic),  and  those  of  alkali  metals  and  earths. 
Hydrates. — Insoluble,  except  eSi,  Sr,  alkali  metals. — Sr,  Ca,  Pb,  sparingly  soluble. 
Iodides.— Soluble,  except  Sb,  Bi,  An. — Pb,  Hg(ic),  Hg(ous),  and  Ag,  sp*r  soluble. 
Oxalates. — Insoluble,  except  alkali  metals — Sb,  Cr,  Fe^ic),  (ous),  Sn(ic),  sparingly 

soluble. 
Oxides. — Insoluble,  except  Ba,  Sr,  Ca,  and  alkali  metals. 
Nitrates. — Soluble. 

Sulfates. — Soluble,  except  Ba,  Sr. — Ca.  Sb,  Hg(on8)  sparingly  soluble. 
Sulfites.— Soluble,  except  Al,  Sb,  Bi. — Fe(ou8),  Ca,  Mn,  Ag,  Zn,  sparingly  soluble. 
Tartrates.— Soluble,  except  Sb,  Ba,  Bi.— Ca,  Fe(ous),  Pb,  Mn,  Hg(ic),  (ous),  Sr, 

Zn,  sparingly  soluble. 


EXPLOSIVE  MIXTURES. 

Certain  chemical  compounds,  when  brought  together  under 
favorable  conditions,  either  give  rise  to  violent  reaction,  or  favor 
the  formation  of  new  bodies  which  explode  on  the  application 
of  mechanical  force.  To  give  rise  to  such  violent  or  explosive 
reactions  all  favorable  conditions  must  be  fulfilled,  hence,  in  order 
to  operate  with  such  bodies  with  safety  we  must  avoid  these  con- 
ditions as  much  as  possible,  by  such  precautions  as  previous  dilu- 
tion of  the  active  agents,  avoiding  pressure  or  force,  heat,  etc. 

The  following  list  *  is  a  general  classification  of  such  bodies  as 
are  liable  to  give  rise  to  such  diflBculties. 

Explosive  Bodies  and  MiXTURES.f 
I.  Spontaneously  Inflammable  Bodies, 
Phosphorus  (also  subsulphide). 

Compounds  of  methyl  and  ethyl  with  Al,  Zn,  B,  As,  Sb, 
etc. 
II.  Bodies  Which  Explode  on  Heating, 

Ammonium  nitrate  (when  suddenly  or  strongly  heatedl. 
Chlorine  monoxide  (CI2O),  trioxide  (CljOg),  tetroxide 

(01,04). 

Mercurous  oxalate. 


«8ee  on  this  rabject :  "  Explosive  Bodies  and  Mixtures,"  by  Dr.  Chas.  Rice,  New  Remedies,  1878,  pp. 
165-196.  Another  paper  on  this  subject  is  by  C.  D.  Lipplncott,  Proceed.  Penn.  Phar.  Ass'n.,  1886; 
see  also  "  Art  of  Dispensing,"  Ix>udon,  Chemist  and  Drugglit. 

tOnly  the  better  known  bodies  are  given  here;  for  a  more  complete  list,  consult  Dr.  Rice's  article, 
New  Remedies,  1878,  pp.  165-197. 
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Urea  nitrate  (suddenly  heated). 

Most  organic  niiro-subistitution  compounds,  containing 
the  group  NO  2- 

Picric  acid  explodes  when  quickly  heated  in  a  confined 
space. 

Picrates  when  strongly  heated,  especially  in  a  confined 
space. 

Hypophosphites  (also  in  solution)  when  heated  too  high. 

Silver  Chlorite  (AgClOa)  explodes  at  105°  C. 

Silver  oxalate,  citrate,  fumarate,  malate. 

Ammonium  iodate  and  periodate. 

Chlorates  explode  when  heated  in  presence  of  combusti- 
ble bodies. 

Methyl  and  ethyl  nitrate :  their  heated  vapor  explodes. 

Permanganic  acid. 
III.  Bodies  which  Explode  on  Percussion  or  when  Triturated, 

Substances  which  contain  carbon  and  oxygen  with 
nitrogen  in  a  feeble  state  of  combination  with  the 
entire  amount  or  a  portion  of  the  oxygen.  When  ex- 
plosion takes  place,  the  nitrogen  is  set  free,  and  the 
oxygen  unites  with  the  carbon  present  to  form  carbon 
monoxide  and  dioxide.  If  hydrogen  is  present,  it 
forms  water  in  the  shape  of  greatly  expanded  vapor. 
Certain  nitrogen  oxides  when  substituted  in  place  of 
hydrogen,  may  form  very  explosive  compounds, 
such  as  nitroglycerin  or  the  hexanitrocellulose  (gun 
cotton). 

Chlorates  should  never  be  prescribed  in  powder,  mixed 
with  organic  or  inorganic  combustible  or  oxidizable 
bodies.  Some  of  these  mixtures  should  never  be 
mixed,  but  dispensed  separately  or  in  solution.  When 
it  is  necessary  that  such  be  mixed,  the  greatest  caution 
should  be  observed,  and  only  small  quantities  should 
be  operated  on  at  a  time,  with  the  precaution  of 
pulverizing  each  ingredient  separately  and  mixing 
without  pressure.  Commercial  potassium  chlorate,  if 
it  contains  organic  impurities,  will  explode  on  tritur- 
ation. 


Chlorates*  with  Organic 
substancbb  in  gen- 
ERAL, A8  FOR  Exam- 
ple:— 


Tannic  and  Oallic  Acids, 
Antimony  Sulphides, 
Amorpbons  Phosphoros, 
Charcoal, 

Oxalic  Acid, 
Sugar, 

Hypophosphites, 
Starch, 

Catechu, 

Phenol, 

Lyoopodium, 
Glycerin, 
Sulphur, 
Iodine, 

Salicylic  Acid, 

Morphine, 

Shellac. 

*  The  preparation  of  colored  fires  Is  attended  with  mnch  danger,  u  they  generally  contain  potassium 
chlorate  or  nitrate  and  various  easily  coiuhustible  Ixxiies.  Each  of  the  ingredients  should  be  dried 
and  powdered  singly,  then  the  whole  mixed  with  a  wooden  spatula,  with  great  care. 
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ChlorateSj  BromateSy  and  lodates  when  rubbed  or  heated 
with  iodine,  sulphur,  reduced  iron,  sulphides,  etc. 

Fulminates  are  exceedingly  explosive. 

Glonoin  (nitroglycerin). 

Nitrogen  Chloride,  produced  by  the  action  of  chlorine 
on  a  solution  of  ammonium  chloride. 

Nitroffen  Iodide,  generated  by  bringing  together  iodine 
and  ammonia.  Even  the  vapor  of  ammonia  on  com- 
ing in  contact  with  iodine  may  produce  it. 

Nitric  Acid  (fuming),  with  readily  oxidizable  substances,  such 
as  glycerin,  alcohol,  tinctures,  volatile  oils,  resins,  sugar,  phos- 
phides, etc.     With  straw  or  sawdust  it  is  liable  to  ignite. 

Permanganaies  with  organic  extracts,  organic  powders,  organic 
acids,  fats  and  oils,  hypophosphites,  reduced  iron,  sulphur,  or  sul- 
phides, glycerin,  alcohol,  etc.  These  react  in  very  dilute  solutions 
in  causing  a  reduction  (decolorization)  of  the  permanganate  to 
manganate ;  when  triturated  or  even  mixed  with  many  organic 
compounds,  they  give  rise  to  violent  reactions  or  explosions,  due 
to  the  extremely  loose  state  of  combination  of  their  oxygen. 

Oxide  and  nitrate  of  silver,  when  made  into  pills  with  saccharine 
or  other  reducing  agents,  do  not  usually  explode  with  violence, 
but  cause  the  pills  to  swell  up  rapidly  and  to  fall  to  pieces. 

Mixtures  from  which  a  gas  is  evolved,  should  not  be  corked 
until  the  evolution  of  the  gas  has  ceased,  unless  it  is  especially 
desired  to  confine  the  gas  together  with  the  liquid,  in  which  case 
the  necessary  precautions  must  be  taken. 

The  following  combinations  are  dangerous,  some  of  them  hav- 
ing caused  serious  accidents : — 


B .     Potassii  Chloratis, 
Acidi  Tannici. 
M. 

B .     Potassii  ChloratiB, 
Acidi  Tannici, 
Glyeerini, 
Aquae. 
M.     Ft.  Sol. 

B .     Potassii  Chloratis, 

Sodii  (or  Calcii)  Hypophosphitis, 
Aqua:. 
M.     Ft.  Sol. 

B.  Potassii  Chloratis,  .  .  .  ^ss-^j 
Tincturse  Ferri  Cbloridi,  3  ss-  g  y 
Glyeerini, Sas-Jiy. 


B .     Olei  Terebinthinse, 

Acidi  Sulphurici  or  Acidi  Nitrici. 

B'     Argentii  Oxidi, 

Morphinae  Hydrochloratis, 
Extracti  Gentians. 
M.     Ft.  Pill. 


Should  not  be  triturated  together,  nor 
mixed  together  and  dispensed  in  dry 
form.     Dispense  the  powders  separately. 

Dissolve  the  tannin  in  the  glycerin, 
and  the  chlorate  in  the  water,  and  then 
mix.  Do  not  rub  the  chlorate,  tannin 
and  glycerin  together. 

The  two  salts  must  not  be  rubbed 
together  or  an  explosion  will  result. 
They  should  be  dissolved  separately  in 
water  and  mixed. 

If  warmed,  the  mixture  is  liable  to 
explode. 

These  should  be  cautiously  mixed  in 
an  open  vessel,  as  the  reaction  is  quite 
violent. 

This  pill  will  burst  on  standing, 
owing  to  the  decomposition  of  the  silver 
oxide  by  the  oiiganic  extract. 
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B .     Potaasii  Cbloratis,    .    .   .   •  gr.  iy 
Salphuris  Praecipitati,     .   .  gr.  v 

Zinci  Valerianatis,  .    .    .   •  gr.  j  This  should  not  be  dispensed.    When 

Saccbari, gr.  xx.  carelessly  mixed  it  is  liable  to  explode. 

M.     Ft.  pnlvis.     DentuT  tales  doses 
No.  X. 

R  .    Potassii  Permanganatis,  .   .    Si  These,  on  being  brooght  tx)gether,  will 

Glycerini, f  5  ss.  cause  an  explosion. 

*■    G^ywrSr.™":   :  ;  :   :   .tfi"  Thi«  is  dungeioasly  explodve. 

R .     lodi f  .^  88  This  mixture  has  given  rise  to  an  ex- 

Liniment!  Camphorss  Co.,  plosion,    owing    to   the    formation   of 

^*         Saponis,           ftft  f  J  g.  nitrogen  iodide,  from  the  presence  of 

M.     Ft.  linimentum.  the  ammonia  in  the  Lin.  Gamph.  Co. 

^ '     t^i^l  ^«^^f  i«i  This  mixture  is  liable  to  explode  a  few 

Aciai  Munatici,  j^      ^     ^^.      ^^^^^^ 

TinctunsNucis  Vomicse,  aft  f;^^.  « »*i.^          i^        ^^. 

R .     Acidi  Nitromuriatici,  •    •   •  f|  w  ^j^     .^          .^       .^ 

Tmctune  Cardamomi,    .   .  f^j.  -»««  «j -^v«ic  »,***  «*i/*v«^. 
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INCOMPATIBLES. 

Incompatibility,  that  is,  the  incongruity  among  the  constituents 
of  a  prescription,  or  their  interference  with  each  other,  may  be  of 
three  kinds,  viz.:  1,  chemical;  2,  pharmaceutical ;  3,  therapeu- 
tical. 

Chemical  Incompatibility.* — This  arises  when  a  chemical 
change  takes  place  with  the  formation  of  one  or  more  new  com- 
pounds which  were  not  expected  or  intended  to  be  produced  by 
the  prescriber.  A  prescription  may  be  chemically  incompatible, 
and  yet  be  just  what  the  physician  desires.  For  instance,  acids 
are  generally  said  to  be  incompatible  with  alkalies,  yet  they  are 
prescribed  together,  in  many  instances  intentionally,  so  as  to 
produce  the  corresponding  salts.  Liquor  calcis  is  chemically 
incompatible  with  mercuric  or  mercurous  chloride,  yet  the  pro- 
ducts of  the  reaction  with  either  one  of  these  chlorides  are 
actually  intended  to  be  produced,  as  they  are  the  therapeutic 
agents  wanted.  The  dispenser,  with  a  little  experience,  can 
readily  distinguish  a  case  of  intentional  from  one  of  unforeseen  in- 
compatibility. 

Examples. 

Alkalies  (caustic  or  carbonated)  are  incompatible  with  alkaloids 
in  aqueous  or  weak  alcoholic  solutions ;  also,  with  acids,  metallic 
salts,  ammonia  salts,  etc. 

Alkaloids  (aqueous  or  weak  alcoholic  solutions)  are  precipitated 
from  their  solutions  by  liquids  containing  albumen,  tannin, 
mercuric  chloride,  free  iodine,  Donovan's  solution,  Lugol's  solu- 
tion, double  iodides,  alkalies  or  alkali  carbonates,  picric  acid, 
auric  or  platinic  chloride,  and  many  other  compounds. 

Acacia  in  solution  forms  a  jelly  with  tincture  of  ferric  chloride, 
borax,  alcoholic  or  ethereal  solutions,  solution  of  lead  sub- 
acetate,  etc. 

ArseixoxiS  Acid,  with  tannic  acid,  salts  and  oxide  of  iron,  lime  and 
magnesia,  is  rendered  insoluble. 

Antipyrin  is  incompatible  with  carbolic  acid,  nitric  acid,  ammonia 
alum,  syrup  of  ferrous  iodide.  With  spirit  of  nitrous  ether  or 
amyl  nitrite,  it  produces  a  bright-green  colored  solution,  due  to 
the  formation  of  isonitroso-antipvrin;  with  ferric  salts,  it 
develops  an  intensely  red-colored  solution.  Like  the  alkaloids, 
it  is  incompatible  (precipitated)  with  all  solutions  containing 
tannic  acid  (such  as  infusions,  certain  fluid  extracts,  tinctures, 
etc.),  tincture  of  iodine,  mercuric  chloride,  LugoPs  solution,  etc. 

Bromides  are  subject  to  nearly  the  same  reactions  as  the  iodides. 

Bismuth  Subnitrate  or  Subcarhonate  is  incompatible  with  tannin, 
sulphides,  mercurous  and  mercuric  salts,  etc. 

*  Consult  typical  prencrfptions  given  under  this  head. 
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Calomel  is  decomposed  by  alkalies,  alkaline  earths,  their  carbon- 
ates, sulphides,  solution  of  lime,  iodides,  iodine,  soap,  acids, 
salts  of  lead,  iron  and  copper,  silver  nitrate,  etc. 

Chlorides  are  incompatible  with  silver  salts  and  mercurous  salts, 
lead  salts,  etc. 

Chloral  is  incompatible  with  alkalies  (CHCI3  being  liberated), 
sulphites,  ammonia  water,  calomel ;  in  alcoholic  solution  chloral 
alcoholate  (see  Prescription  No.  84)  is  formed ;  in  aqueous  solu- 
tion it  slowly  undergoes  decomposition,  etc. 

Chlorates,    See  page  391. 

Chlorine  Waier  is  incompatible  with  silver,  lead,  and  mercurous 
salts,  organic  substances,  emulsions,  hyposulphites,  etc. 

Corrosive  Sublimate  is  incompatible  with  alkalies,  alkali  carbon- 
ates, solution  of  lime,  the  iodides  or  bromides,  alkaloids  (in 
aqueous  solution),  sulphides,  reduced  iron,  silver  nitrate,  albu- 
men, gelatin,  tannic  acid,  etc. 

Hydrogen  Peroxide  is  incompatible  with  vegetable  tinctures,  alkali 
citrates  and  tartrates,  ferrous  salts.  It  sometimes  liberates  iodine 
from  iodides.  This  is  due  to  the  presence  of  iodates,  the  iodine 
bein^  liberated  by  the  action  of  the  small  amount  of  acid  pre- 
sent m  the  hydrogen  peroxide. 

Iodine  is  incompatible  with  ammonia  or  its  salts,  starch,  metallic 
salts,  fatty  or  volatile  oils,  emulsions,  chloral,  solutions  contain- 
ing alkaloids,  sodium  hyposulphite,  etc. 

Iron  (reduced)  is  incompatible  with  vegetable  extracts  (containing 
organic  acids),  metallic  salts,  acids,  mercuric  chloride,  potassium 
permanganate,  etc. 

Iron  Salts  are  incompatible  with  alkalies  and  the  alkali  carbon- 
ates, solutions  containing  tannic  acid,  mucilages,  emulsions, 
solutions  of  the  iodides  or  bromides,  etc. 

Iodides,  The  alkali  iodides,  also  ferrous  iodide,  are  incompat- 
ible with  the  strong  mineral  acids,  many  alkaloids,  metallic 
salts,  silver  nitrate,  potassium  chlorate,  chlorine  water,  hydro- 
gen peroxide  (see  Hydrogen  Peroxide),  etc. 

Lime-water  is  incompatible  with  acids,  ammonia  compounds,  salts 
of  the  metals,  soluble  carbonates,  etc. 

Lead  Acetate  is  incompatible  with  iodides,  bromides,  chlorides  and 
sulphates,  alkalies  and  their  carbonates,  lime-water,  soap,  sul- 
phides, acids,  acacia,  tannin,  etc. 

Lead  Subacetate  (Goulard's  Extract)  is  incompatible  with  the  alkali 
carbonates,  alkalies,  alkali  earths,  sulphuric  or  hydrochloric 
acids,  sulphides,  solution  of  acacia,  solutions  containing  tannin, 
also  most  vegetable  coloring  matters,  albumen,  etc. 

Pepsin,  when  combined  with  alkalies  or  alcoholic  liquids,  or  tan- 
nates,  loses  its  digestive  activity. 
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Potassium  Permanganaie  is  incompatible  with  all  organic  com- 
pounds. 

Quinine  Sulphate  gives  rise  to  many  complications.  When  or- 
dered in  a  mixture,  it  should  not  be  dissolved  (by  aid  of  an 
acid)  unless  so  ordered  by  the  physician;  it  is  far  more  in- 
tensely bitter  in  solution  than  when  simply  suspended.  Qui- 
nine and  its  salts  can  be  dispensed  in  a  suspended  condition 
in  combination  with  various  incompatibles  without  inconve- 
nience, but  when  it  is  first  dissolved  before  combining,  then 
many  difficulties  arise.  Thus  we  may  suspend  the  quinine 
in  a  mucilaginous  mixture  with  such  incompatibles  as  tannin, 
alkalies,  salicylates,  etc.,  without  giving  rise  to  the  unsightly 
insoluble  mass  which  is  formed  when  these  are  added  to  its 
solution. 

Strychnifne  when  in  solution  combined  with  bromides  is  generally 
deposited,  on  standing,  as  insoluble  strychnine  bromide. 

When  any  of  these  alkaloidal  precipitants  is  prescribed  in  a  solu- 
tion with  an  alkaloid,  the  former  should  be  slowly  added  in  a 
well  diluted  condition  to  the  latter  in  solution,  in  order  to 
obtain  the  insoluble  precipitate  in  as  finely  divided  condition 
as  possible,  so  that,  when  shaken,  it  readily  remains  suspended. 
Such  incompatible  combinations  are  admissible  in  mixtures 
containing  quinine,  and  in  many  others  in  which  the  total 
amount  of  alkaloid  is  small.  Combinations  which  contain 
larger  amounts  of  active  and  powerful  alkaloids,  such  as  strych- 
nine or  morphine,  as  insoluble  precipitates,  should  under  no 
circumstances  be  dispensed^  since  the  patient  may  receive  the 
whole  of  the  precipitated  alkaloid  at  one  dose. 

Silver  Nitrate  is  incompatible  with  chlorides,  iodides,  bromides, 
cyanides,  alkali  and  earthy  carbonates,  sulphides,  organic  bodies, 
etc. 

Salicvlic  Acid  is  incompatible  with  iron  compounds,  alkali 
iodides ;  salts  of  salicylic  acid  likewise  with  iron  compounds, 
also  with  alkaloids,  acids,  etc. 

Tartar  Emetic  is  decomposed  in  solution  by  the  addition  of  acids, 
alkalies,  soap,  calomel,  tannin,  acacia,  opium,  etc. 

Tannin  and  all  solutions  containing  it,  are  incompatible  with  all 
metallic  salts,  gelatin,  albumen,  alkali  carbonates,  alkaloids, 
etc. 

Pharmaceutical  or  Mechanical  Incompatibility.* — Many 
substances  or  solutions  cannot  be  brought  to  the  state  of  a  clear 

•For  example: — 

The  addition  of  resinous  tinctures  or  fluid  extracts  (as  tinctures  of  guaiac,  bensoln,  etc.),  to  aque- 
ous solutions. 

The  combination  of  emulsions  with  alcoholic  liauids  or  acids,  or  solutions  of  liquorioe  or  gijcrr- 
rhizin  with  acids  or  acid  salts,  tincture  of  iron  witii  mucilage  of  acacia,  infusions  with  ferric  salts, 
etc. 

Volatile  or  fixed  oils  with  aqueous  liquids. 

Oimpound  infusion  of  gentian  with  infusion  of  wild  clierrj  or  compound  infusion  of  cinchona. 

Alcoholic  liuctures  ana  fluid  extracts,  with  aqueous  preparations,  etc.,  etc. 
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uniform  mixture,  the  production  of  such  being  a  violation  of 
correct  pharmaceutical  procedure. 

In  many  cases  it  is  impossible  to  combine  the  ingredients  of  a 
prescription  to  a  clear  mixture,  owing  to  the  insolubility  of  one 
or  more  of  the  substances  present.*  While  there  are  cases  in 
which  it  is  proper  or  even  necessary  to  separate  such  insoluble 
matters-  by  filtration,  there  are  many  others  in  which  this  would 
be  inadmissible,  and  would  defeat  the  intentions  of  the  prescriber. 

It  is  impossible  to  provide  rules  for  all  these  cases.  Each  pre- 
scription has  to  be  considered  by  itself  In  general  a  prescription 
may  be  pronounced  effectively  incompatibley  if  any  of  its  constituents 
would  suffer  changes  which  weaken  or  destroy  the  intended  effect,  or 
which  produce  effects  not  intended. 

Therapeutic  Incompatibility. — This  occurs  where  there  is 
an  antagonism  of  physiological  action,  one  ingredient  being,  as 
it  were,  an  antidote  to  the  other. 

Difficulties  that  arise  in  this  connection  do  not  concern  the 
apothecary,  but  lie  solely  within  the  power  of  the  physician  to 
correct. 

GENERAL  OBSERVATIONS. 

It  is  important  that  the  dispenser  possesses  an  accurate  knowl- 
edge of  chemical  reactions,  solubilities  and  doses,  in  order  that 
he  may  be  able  intelligently  to  compound  the  great  variety  of 
combinations  prescribed,  and  discover  any  serious  errors  of  judg- 
ment on  the  part  of  the  prescriber.  Physicians  are  rarely  good 
chemists,  hence  the  dispenser  should  be  accordingly  qualified. 

Before  attempting  to  compound  a  mixture,  the  dispenser  should 
first  satisfy  himself  that  no  error  has  been  committed  on  the 
part  of  the  writer,  in  prescribing  doses  of  powerful  remedies,  that  is, 
excessive  quantities  which  would  result  in  endangering  the  life  of 
the  patient.     In  such  instances  the  physician  should  be  consulted. 

In  cases  of  chemical  incompatibility,  the  question  that  first 
arises  is,  whether  this  incompatibility  is  intentional  or  was  un- 
foreseen on  the  part  of  the  prescriber.  For  example,  it  will  be 
seen  at  once  that  in  mixture  No.  85  the  incompatibility  was 
intentional,  hence  it  is  the  duty  of  the  dispenser  to  compound 
this  to  the  best  of  his  ability.  In  the  case  of  the  prescriptions  No. 
37,  48,  59,  etc.,  the  dispenser  will  perceive  that  the  incompatibil- 
ity was  unforeseen  by  the  prescriber  through  his  deficiency  of 
knowledge  concerning  chemical  reactions.  Now  an  unforeseen 
incompatibility  should  not,  under  all  circumstances,  lead  the  dis- 
penser to  refuse  compounding  a  prescription ;  for  in  such  cases  as 
prescriptions  No.  63, 79,  the  mixture  should  be  dispensed  with  cer- 
tain precautions — as,  to  be  shaken  well  before  using.  However, 
there  are  many  cases  in  which  the  presence  of  a  precipitate  of 
a  potent  nature  or  other  substances  which  have  been  set  free  in 

*  CoQsult  typical  prescriptions  giveo  under  this  head 
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the  mixture  (for  instance,  iodine,  bromine,  chlorine,  etc.),  would 
lead  the  dispenser  to  refuse  compounding  it,  because  it  is  liable 
to  endanger  the  life  of  the  patient ;  as  examples  of  such,  consult 
prescriptions  Nos.  46,  64,  68,  83,  etc. 

The  prescriber  should  not  be  troubled  unless  the  prescription 
presents  difficulties  which  the  dispenser  cannot  overcome. 

Under  no  circumMances  should  the  dispenser  attempt  substitution. 

In  the  compounding  of  various  mixtures,  precipitation  is  of  very 
frequent  occurrence.  The  question  naturally  arises,  shall  these 
precipitates  be  removed  or  not.  Precipitates  should  not  be 
removed,  unless  the  solution  is  intended  as  an  application  to  the 
eye  or  inflamed  surfaces,  for  in  such  instances  the  particles  of  solid 
matter  might  prove  a  source  of  irritation.  In  mixtures  intended 
for  internal  use,  precipitation  may  arise  from  a  variety  of  causes,* 
but  such  precipitates  should  not  be  removed,  for  as  a  rule  we  de- 
prive the  mixture  of  a  portion,  or  in  some  cases,  of  its  entire 
activity.  For  example,  should  we  filter  such  mixtures  as  No. 
55,  56,  86,  etc.,  we  would  obtain  a  clear  inert  solution.  So  also  if 
the  precipitate  which  results  from  the  admixture  of  alcoholic 
solutions  of  resinous  substances  with  aqueous  liquid,  be  removed, 
we  deprive  the  mixture  of  the  greater  part  of  its  activity.  In 
other  cases,  the  precipitate  resulting  is  inert,  yet  it  may,  when 
removed,  retain  active  matter  which  is  retained  mechanically. 

Mixtures  which  contain  precipitates  of  active  or  potent  sub- 
stances are  a  source  of  danger,  because,  unless  the  mixture  be 
shaken  before  using,  so  that  the  precipitate  will  become  uni- 
formly suspended,  the  last  doses  may  contain  a  poisonous  quan- 
tity. In  such  instances  the  prescriber  should  be  consulted.  Some 
precipitates  cannot  be  evenly  distributed  by  shaking ;  examples 
are  Nos.  28,  74,  etc. 

Insoluble  powders  should  never  be  added  directly  to  a  mixture, 
but  they  should  be  put  in  a  mortar  and  reduced  to  the  condition 
of  a  smooth  paste  with  a  portion  of  the  mixture  (syrup  or  muci- 
lage, if  ordered),  and  then  transferred  to  the  bottle  by  washing 
the  mortar  with  the  remainder  of  the  liquid.  When  such  mix- 
tures are  dispensed,  the  proper  direction  regarding  the  necessity 
of  shaking  the  bottle  should  be  given.  Soluble  salts  should  be 
powdered  if  necessary,  and  dissolved  in  a  suitable  amount  of  the 
most  appropriate  liquid  constituent  of  the  prescription,  before  the 
remainder  of  the  ingredients  is  added,  the  liquid  which  dissolves 
the  salt  the  least  being  added  last.  For  example,  if  the  salt  is 
readily  soluble  in  aqueous  and  but  little  soluble  in  alcoholic  liq- 
uids, it  should  first  be  dissolved  in  one  of  the  aqueous  constituents, 
and  the  alcoholic  ones  added  last.  And  if  it  be  more  soluble  in 
alcoholic  liquids,  the  aqueous  constituents  should  be  added  last. 
Potent  substances,  such  as  poisonous  alkaloids  or  their  salts, 
should  always  be  in  solution  before  being  added  to  the  mixture. 

*  See  Precipitation,  page  156. 
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TYPICAL    PRESCRIPTIONS 
WITH  EXPLANATORY  NOTES. 

No  attempt  has  been  made  to  ffive  the  names  of  the  ingredientA  Id  strictly  pharmacopoeiai  I^tin. 
As  the  prescriptions  here  quoted  tiave  been  taken  from  promiacooos  sources,  the  original  phraseology 
or  nomenclature  has  been  preserved. 

(1)  General  Examples. 


E .    Potaasii  PermangaBatis,    . 

Aiiri  et  Sodii  Chloridi,  .    . 

Mifice  et  fiant  pilule  No.  xl. 


1. 

gr.  XXX 

.   gr.  isB 

2. 


Organic  matter  should  not  be  em- 
ployed in  making  these  pills.  Use 
infusorial  earth,  or  kaolin,  with  petro- 
latum. 


If  the  spirit  of  Minderems  be  alka- 
line, and  the  ferric  chloride  free  from 
excess  of  acid,  a  precipitation  of  ferric 
carbonate  will  occur.  It  is  necessary 
to  make  sure  that  the  former  is  at 
least  slightly  acid,  or  to  render  it  so  by  the  addition  of  a  little  acetic  acid. 


B .  Liquoris  Ammonii  Acetatis,  .  .  60  Cc. 
TinctursB  Ferri  Chloridi,  ...  30  Cc. 
Syrupi, q.  s.  ad  150  Cc. 


3. 
B.     Pulv.  Camphorse, 

Chloral  Hydratis,   ...       aa    5  6m.  These  should  be  triturated  together 

Cocaiuffi  Hydiochloratis,     .    .      6  Dg.  ^^^^  »  t\x\ck,  clear  fluid  results. 
M.     Apply  externally. 

4. 

The  mercuric  chloride  should    be 

B .     Hydrargyri  Chloridi  Corrosivl,  gr.  xvj  triturated  in  a  small  glass  mortar  with 

Qollo^ii                                           fSss  J^®*'  sufficient   alcohol   for   solution, 

^r     11.4.  «  I then  this  added  to  the  collodion. 

M.     Ft.  sol. 

5. 

B.     Lupulini,     6.00  The  lupulin  should  be  rubbed  in 

Pulveris  Camphor»,  .                  .1.00  a  mortar  until  a  crumbly  mass  results, 

Te„,biathina.  yenet». 8.00  ^i^^rdld^r^ifd  SSST^^*  J^: 

M.     Fiant  piluls  No.  cxxv.  nesia. 

6. 

B.    Asafoetidie, 15  j  ^^  asafcetida,  in  tears,  should  be 

-A^*!"®! '3  "^y  reduced  to  a  mass,  and  then  triturated 

M.     F.  enema.  with  a  little  water  until  a  smooth 

paste  results ;  then  the  remainder  of 
the  water  should  be  added,  and  the  mixture  finally  strained. 


7. 

B .     Olei  Terebinthinse, f  3  iss 

Syrupi  Simplicia, f  J  j 

Aquae  Cinnamomi, f  J  \j 

Olei  Linionis, TTLviij 

M.    Sig. — Teaspoonful  as  directed. 


In  this  instance  it  would  be  advis- 
able for  the  dispenser  to  add  powd. 
acacia  (45  grains)  sufficient  to  emulsify 
the  oile. 
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B.     Copaibse, 

Liqaoris  Potossse,   . 
01  ei  Gaaltheriae,     . 
Glycerini,     .... 
Aquce  Cinnamomi, 
M.     Sig. — TeaspoonfVil. 


8. 

Mix  the  liquor  potassse  with  doable 

10     CJc.    ita  yolume  of  cinnamon  water  in  a 

3     Cc.     bottle,  then  add  gradually,  with  oon- 

0.5  Cc.    stant  agitation,  the  copaiba  and  oil  of 

15     Cc     wintergreen,  next  the  glycerin  and  re- 

'     mainder  of  the  water.     The  solution 

W     Cc.    of  potaasa  does    not    emulsify,   but 

saponifies  the  copaiba. 


9. 


B .    Chloroformi, 
Acidi  Nitrici, 
Creosoti,    .... 
M .    For  cauterizing. 


aa    f^v 


The  nitric  acid  should  be  first  added 
to  the  creosote  and  the  mixture  al- 
lowed to  cool  before  the  chloroform  is 
added,  otherwise  the  latter  would  be 
volatilized  by  the  heat  generated  by 
the  reaction  of  the  other  two  in- 
gredients. 


10. 
B .    Sodli  Biboratis, 3  iv 

Chloralis,     gy  This  should  be  kept  in  a  cool  place, 

Atropinse, gr.  iv  and  well-stoppered,  for  chloroform  will 

Spiritus  Vini  Rectificati,  .    .    .    .   f  3  j  J^  developed    by  the  action   of  the 

Aq.  Sambuci,.    .    .    .    q.s.  ad  f^xy  borax  on  the  chloral. 
M.     Ft.  lotio. 

11. 

If  the  acid  be  added  to  the  chlorate 

B.  followed   by  the  water,  a  yellowish 

Potaasii  Chloratis, 5  Ij  colored  solution    will    result,   which 

Acidi  Hydrochloric!,      f^y  contains  free  chlorine.     If  the  chlorate 

^     jg                                           f  5  viii  ^  dissolved  in  the  water  and  the  acid 

^    *   '   '   *                                 ^    ^  added  last,  a  colorless  solution  will 

M.     Ft.  gargansma.  xeA\x\t.    It  is  best  to  consult  the  phy- 
sician as  to  which  is  desired. 


12. 

B .  Hydrocyanic  add  is  developed  ac- 

Potassii  Cyanidi, 5j  cording  to  the  equation  : 

Morphin®  Sulphatis,     ....     gr.  ij  3K^  +  HsCAO,  =8HCN  +  KjCsHbOt. 

Addi  Citrici, j5^®^    If  195  grains  of  KCN  are  capable  of 

Syrupi, q.  s.  ad  f  5  viij    yielding  81  grains  of  HCN,  then  60 

M.     Ft  sol.    Sig. — Coch.  parv.  t.  i  d.        grains  of  KCN  will  yield  approxi- 
mately 2.5  grains  of  HCN,  which  is 
equivalent  to  about  130  minims  of  the  official  dilute  hydrocyanic  acid,  leaving  about 
two  minims  to  the  dose.     The  mixture  may,  however,  be  dispensed. 


13. 

B.     TinctursB  Ferri  Mnriatid,     .    .   .  fjij 
Spiritus  iEtheris  Nitrosi,      .    .    .  f  ^  iv 

Mucilaginis  Acacis,      f.^  j 

Syrupi, q.  s.  ad  f  3  iy 


When  mixed  in  the  order  written, 
the  mixture  forms  a  jelly-like  mass. 
If  each  of  the  constituents  be  diluted 
with  an  equal  quantity  of  the  syrup, 
and  then  mixed,  a  dear  mixture  will 
result. 
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14. 

Mix  the  fluid  extracts,  tincture  and 

B .     Extracti  Buchu  Fluidi,  oil  of  turpentine ;  then  add  this  slowly 

Extract!  Cubebae  Fluidi,    .     aa  f  Jj       to  the  mucilage,  agitating  constantly; 

Olei  TerebinthiniB, f^ij      ^S^¥*^^  ^?:T  ^'"^T"  !!!  ""^llj 

_.     ,        „  '.  „5  •*      diffused  by  agitation.    Should  we  add 

Tincturae Hyoscyami,  ...       .   fs®     the  mucilage  of  acacia  to  the  other 
Mucilaginis  Acaciffi,    .    .q.s.  adf5iv     mixed  ingredients,  the  gum  is  pre- 
cipitated in  a  lumpy  condition. 

15. 

BT  i^n^^io  Qf*«'/»i,T.;<»    Ti  i>  m »        Solutions  containing  alkaloids  are 

•     Liquons  Stiychm«,   B.P.,    .    .      niv    i^eompatible  with  alkalies  or  their 

Sodii  Bicarbonatis, gr.  xv    carbonates,  but  in  this  case  the  in- 

Aquie, ad     f  ^j     compatibility    may     be     neglected. 

There  is  about  ^  of  a  grain  of  strych- 
nine in  the  solution  and  this  is  precipitated  by  the  sodium  salt.  But  inasmuch  as 
the  alkaloid  strychnine  is  soluble  in  6700  parts  of  water,  it  will  here  remain  in  solu- 
tion, as  there  are  over  9000  parts  of  water  to  each  part  of  liberated  alkaloid. 

16. 

B .     Acidi  Sulphurici,  Owing  to  the  violent  reaction  which 

Acidi  Nitrici                            aa  10  00  ensues  on  mixing  these  acids  with  oil 

Olei  TerebinthinW    '.               .      30.00  of  turpentine  great  caution  should  be 

'  observed  to  prevent  accidents.     The 

Alcoholis, 50.00  mixed  acids  should  be  added  to  the 

M.     Ft.  sol.  oil  slowly  and  cautiously.    The  dish 

containing  the  mixture  should  be 
placed  in  the  open  air  and  at  least  at  arm^s  length  from  the  operator.  After  the 
mixture  has  cooled  the  alcohol  may  be  gradually  added. 

17. 
D       A   '^  i,_^   ji.|  !•-.        Here  is  an  ambiguous  abbreviation ; 

*•     Acia.  nya.  nil.,      igj     the  dispenser  would  be  at  a  loss  as  to 

Syrupi, fgij     -whether  hydrobiomic,  hydriodic,  hy- 
drochloric or  hydrocyanic  acid  was 
intended.     The  prescriber  should  be  consulted  before  dispensing. 

18. 

B .    Acidi  Sulphurici  Aromatici,    .      8.00        The  quinine  salt  should  be  added  to 
Tincturse  Cinchonie  Composite,    30.00    *^^e  compound  tincture  of  cinchona  in 


Glyceriui, 30.00 


a  graduate,  and  dissolved  in  the  latter 
with  the  aid  of  the  aromatic  .sulphuric 


Aquae  Destillatse 60.00    acid,  under  stirring.     Then  the  gly 

QuininsB  Sulphatis, 2.Q0    cerin  should  be  added  and  lastly  the 

M.     Ft.  sol.     Big.— Cochleare  parvum  ter    water.      The  glycerin    prevents    the 
1^  j|  formation  of  a  precipitate   from  the 

tincture,  when  it  is  afterwards  mixed 
with  water. 

19. 
B .     Acidi  Salicylic!,  The  two  substances  may  be  mixed 

Sodii  Bicarbonatis, aa     ,^j    in  a  large  mortar,  and  the  water  gradu- 

»  ri^i    all.V  added,  under  stirring,  until  eflTer- 

jjt     i?f      1*     k-  '  W  A  vescence    ceases.      Or,    the    sodium 

M.    Ft.  sol.     Sig.—  3j  3  t.  d.  gait  may  be  mixed  in  a  large  capsule, 

on  a  water-bath,  with  the  larger  por- 
tion of  the  water,  and  the  acid  added  until  effervescence  ceases.  The  solution  will 
be  of  a  dark  color,  due  to  the  excess  of  alkali  present  at  the  close  of  the  reaction  : — 

-f        CO,        -f        H,0 


NaHCOj 

+ 

HC^HA        = 

=        NaC^KA 

83.8 

137.6 

159.6 

26 
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If  the  acid  and  the  sodium  salt  were  in  molecular  proportions,  darkening  of  the 
solation  could  be  prevented  by  dissolving  the  acid  in  boiling  water  (or  adding 
it  to  boiling  water,  if  there  is  too  much  to  be  dissolved),  and  then  gradually  adding 
the  sodium  salt  to  saturation. 


B .    Tincture  Ferri  Chloridi,  . 

Acidi  Phosphorici  Diluti, 

Quininie  Soiphatis,    .    .   . 

StrychninsB  Sulphatis,  .    . 

AqusB  Destillatie,   .... 

Sympi  Limonis,     .... 
M.    Sig. — Dose,  a  teaspoonful. 


20. 

innn  '^^^  phosphoric  acid  must  be  free 
^"•""  from  "nieta"  or*'pyro»»  acid  or 
10.00    precipitation  of  iron  will  occur.     If 

3.00    sufficient  phosphoric  acid  is  added, 

0.10 

100.00 

80.00 


the  red  ferric  chloride  changes  into 
colorless  acid  ferric  phosphate.  The 
quinine  salt  is  dissolved  in  the  tinc- 
ture, the  strychnine  salt  in  some  of 
the  water ;    these  are  added  to  the 


syrup,  followed  by  the  balance  of  the 
water  and  lastly  the  add.  After  a  time  the  phosphates  of  the  alkaloids  will  precip- 
itate.    The  mixture  should  be  dispensed  with  a  **  shake  label.  ^' 


21. 

B.    Opaibse, 20.00 

TinctursB  Lavandulae  Compositsi 
Spiritus  ^theris  Nitrosi,  .    .  aa    10.00 

Olei  Gaultherisc, 0.50 

Mucilaginis  Acacise,    ....      30.00 
Aquae  Destillats,   .    q.  s.  ut  ft.  250.00 
M.  sec.  art.    Sig. — Ooch.  mag.  t.  i.  d. 

22. 

B.    OleiJeooris  Aselli, ^S^iU 

Olei  Amygdalae  A  mars, 

Olei  Gaultheriae aa    n\,x 

Pepsini  pulv., 3J 

Pancreatini gj 

Polveris  Acaciie,    .  •    •    •      5  J 

Glycerini, .    .    fjj 

Syr.  Hypophosphitum,  ....  f ,^j 
Acidi  Phosphorici  Diluti,  .  .  .  f^ss 
Aquae  Destillata;,     .  q.s.  ut  ft.  f^xyj 

M.     Ft.  emulsio  sec.  art. 

Sig. — Coch.  mag.  t.  i.  d. 


To  the  mucilage  contained  in  a  bottle 
add  the  copaiba  and  oil  in  small  por- 
tions at  a  time,  shaking  well  after  each 
addition.  Then  add  the  greater  part 
of  the  water,  next  the  tincture  and 
spirit,  all  in  portions,  and  lastly  the 
remainder  of  the  water.  The  balsam 
and  oil  are  made  into  a  sort  of  emul- 
sion with  the  mucilage,  and  the  alco- 
holic liquids  are  added  last. 


Triturate  one-half  of  the  cod -liver 
oil  and  the  essential  oils  with  the  pep* 
sin,  pancreatin  and  acacia  ;  add  at  once 
one-half  of  the  water,  and  triturate 
rapidly  until  an  emulsion  results.  To 
this  add  gradually  the  remainder  of 
the  cod-liver  oil,  using  a  little  water 
to  prevent  the  emnlsion  from  separ- 
ating (**  cracking  ").  Next  incorpor- 
ate the  syrup  and  the  remainder  of  the 
water,  leaving  room  for  the  acid, 
which  is  to  be  added  last. 


(2)  Pharmaceutical  Incompatibility. 


B .     Tinctur»  Ferri  Muriatici,    .    . 

Decocti  Uvse  Ursi, 

M.    Signa. — Coch.  mag.  t.  i.  d. 

B .     Extracti  Buchu  Fluidi, 

Extracti  Cubebae  Fluidi,  .     aa 

Aquae  Cinnamomi, 

M.     Sig. — To  be  well  shaken. 


23. 


The  tannin  of  the  Uva  Ursi  forms 
an  inky  mixture  (tannate  of  iron) 
with  the  ferric  chloride. 


24. 

This  forms  a  very  unsightly  mixture, 

f  5  iss    ^^^ ng  to  the  separation  of  the  rei«inous 

/i...    and  oily  matter  when  the  fluid  ex- 

^"J    tracts  are  added    to    the   cinnamon 

water. 
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25. 

B .     Tinctaise  Ferri  Chloridi,  ...    i^  i^  This  forms  a  black  miztnre,   the 

TiDctaisB   Guaiaci  Ammoni-  tinctare  of  gnaiac  being  phannaceoti- 

.                                                   f  2  .  caily  incompatible  with  the  ferric  chlor- 

»   •   * ^^  ide.     Also  both  resinous tinctarespre- 

TinctarsB  AJo68| f.'ss  cipitate  on  coming  in  contact  with  an 

Syrapi,     q.  s.  ad.   f  Jiv  aqaeoassolation,in  this  case  the  syrap. 

26. 

The  chloral  should  be  diaeolved  in 

B .    Chloral  Hydratis^ gr.  xl  the  syrap,  and  the  camphor,  reduced 

Camphor®,      gr.  x  to  fine  powder,  be  gradually  mixed  by 

c.r.»^,.;  7;»»:iw^*:o                            ^"m  trituration  with  the  syrup,  so  that  it 

Syrupi  Zingibens, f.^ij  ^^.y  remain  in  suspension     Themix- 

^qxkiR, q.  s.  ad.    f  5  ij  tare  should  be  directed  to  be  well 

shaken  before  being  used. 

27. 

B .     Ferri  et  Quinin®  Citratis,    .    .     10.00  The  8<»le  salt  is  dissolved  in  the 

k^Ai  T>k^.^K^«;^  rk;i«*«               in  nA  w»t«r»  followed  by  the  syrup,  tincture 

Acidi  Phosphonci  Diluti,    .   .      10.00  and  acid  in  order     The  mixture  will 

TinctursB  Cardamomi    Com-  not  be  clear  because  of  the  separation 

positce,     30.00  of  the  resinous  matter  of  the  carda- 

Syrupi  Limonis, 20.00  ™o™-     The  quinine  phosphate  which 

.^„_                                           irinnn  >®  formed,  owing  to  its  comparative 

^^^^ ^^'^  insolubility,  wUl  generally  precipitate. 


B.    TinctuifB  Onaiaci  Ammoni- 


28. 


StflB 

, '    .  .                                —    X.2  This  forms  an  unsightly  mixture, 

Mucilaginis  AcacMB,     ...     aa    fjj  owing  to  the  separation  of  the  resinous 

Potassii  lodidi, ^ij  matter  of  the  tincture  of  guaiac,  which 

TmcturseHyoscyami, fjss  adheres  to  the  sides  of  the  bottle. 

Aqus  Cinnamomi,    .  q.  s.  ad.    .  f  J  iiii 


B .    Copaibse, 

Spiritus  Athens  Nitrosi,    .  aa 
Extracti  Cubebte  Fluidi, 
TinctursB  Cinnamomi,      .    .  aa 
Mucilaginis  Acaciie,     .... 
M. 

B .     Extracti  Buchu  Fluidi, 
Extracti  Cubebse  Fluidi, 
Mucilaginis  Acaciae,  .   .    .    .  aa 

Olei  Terebinthinse 

Tinctune  Hyoscyami,   .... 
M. 


29. 


fi  isB  ^^  ^^  copaiba  is  emulsified  by  the 
mucilage,  the  addition  of  the  alcoholic 
liquids  will  cause  the  gum  to  separate 

^5  ^^  in  a  solid  mass.  As  it  stands  itcannot 
f  S  J    ^  dispensed. 


30. 


The  mucilage  of  acacia  is  intended  to 
emulsify  the  turpentine.     This  emul- 
sion is,   however,    destroyed   by  the 
.    addition  of    the  fluid  extracts   and 
'Zi    tincture,  the  alcohol  of  which  ooagu- 
f  ^  ss    lates  the  acada. 


f3j 


31. 


B.     Potaasii  Bromidi, ^vj        Theadditionof  soluble  salts  to  cam- 

Aquffi  Camphors, fjvj    plior  water  causes  the  separation  of 

M-c^  i>^i»4-:^  the  camphor,  which  floats  on  the  sur- 

rX.  solutio.  -  -  *. ,    *     .   .  «,,      _ .   . 

face  of  the  mixture.     The  mixture 

should  be  well  agitated  before  being  taken.     The  addition  of  soluble  salts  to  any 

of  the  medicated  waters  causes  a  separation  of  most  of  the  volatile  constituents. 
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32. 
B.     Extract!    Cannabis     Indices 

Fluidi, f^j  Upon  mixing  the  first  five  ingredi- 

Copaibee                                         fSiv  ®°^  ^  clear  or  nearly  clear  solution 

Tinctun^Gnaiaci,'    *.              *.   '.   fzy  ^^^  ««J?lt.     Upon  adding  this  to  the 

a  •  .*     rp     u-  L'                       Jl ''  ^y"^P»  *^®  resinous  matters,  camphor, 

Spmtus  Terebinthinae,     .    .    .   .   f  3  ij  copaiba  and  oil  will  separate,  render- 

Tincturse  Camphorse, f  3  as  ing  the  mixture  unsightly. 

Syrupi  Zingiberis,  .    .    .  q.s.  ad.  f  ^  iv 

M.     Ft.  mistura. 

33. 

B.     AcidiCarbolici, 10.00  On  mixing  these,  a  jelly  will  be 

CoUodii, 90.00  produced. 

M.     Ft.  sol. 

(3)  Chemical  Incompatibility. 

34. 

B  <     Aigenti  Kitratis, gr.  v  Silver  nitrate,   when  brought  into 

TinctuTse  Opii                               f  5  iss  contact  with  organic  substances,  suf- 

Aquie  Cinnamomi,*    .'   .*  q.s.*  ad     f  3  ij  ^^"  reduction  to  metallic  sUver, 

35. 

There  is  sufficient  sodium  chloride 

B.     Argenti  Nitratis, 1.50  present    to    decompose    the    entire 

Sodii  Chloridi .60  amount  of  argentic  nitrate.     The  pre- 

.                       ' onn'nn  cipitate    that    forms    being  aigentic 

^^^^ ^^'^  chloride.     The  solution  is  practically 

Sig.— Use  as  a  wash.  inert.     The  reaction  is'  as  follows ; 

AgNOs  +  NaCl  =  NaNO,  -{-  AgCl. 
36. 

R.     LiquorisPlumbiSubacetatis,  .    .  f^ss  The  Goulard's  Extract  produces  a 

Mncilaginis  Acaciffi, fjj  heavy  white  precipitate  with  the  muci- 

AqufiB  Destillatro,   .    .    q.  s.  ad.     fjiv  lageofac^ia.     The  mixture  is  incom- 

!>,     p.   ,  . .  patible  and  should  not  be  dispensed. 

37. 

B .     Strychnii  Nitratis gr.  y  This  would  prove  to  be  a  dangerous 

Sol.  Fowleri, f3j  mixture  if  dispenswi  as  written,  for 

«      Q.        p,  ,        .    .    ,  the  alkahnity  of  the  Fowler's  solu- 

M.    big.— lartt.  V,  t.  1.  a.  ^j^^  ^.jj  ^^^  ^jj^  precipitation  of  the 

strychnine.  The  addition  of  a  few 
drops  of  dilute  nitric  acid  sufficient  to  retain  the  stiychnine  in  solution  would 
remove  the  difficulty. 

38. 

B.     Lithii  Salicylatis, Jij  On  bringing  together  the  solutions 

Ferri  et  Ammonii  atratis,  ...    3  iv  oi  the  first  two  ingredients,  a  reddish- 

Q         .  T .        .  brown  precipitate  of  feme  salicvlate 

feyrupi  Limonis,  ^.j,  ^^^^      r^^^  prescriber  should  be 

Aquffi, aa  fjiv  notified,  if  possible.     If  this  is  impos- 
sible, directions  to  shake  the  bottle 
should  be  added. 
39. 

B .     Cocainse  Hydrochloratis,  ...   2  Gm. 

Sodii  Biboratis, 5  Dg.  The  cocaine  is  precipitated  by  the 

Aquse  Destillatse, 100  Cc.  borax.     Boric  acid  should  have  been 

M.     Ft.  sol.    Sig. — Apply,  as  directed,  to  ^ised. 

the  eye. 
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40. 

This  mixture  shoald  not  be  dis- 

Bttv<4m,.»t7i^  roiir^iniii  ri^*»«w.;^      «.  {{{     peneed,  because  the  mercuric  chloride 
.    HydraiKyn  CWondiCorrosivi,  .  gr  h,     ^^^  ^  ^^^.^j^  decomposed  by  the 

Tmctnne  Cmchonie  Gompoeitse,  fg  vy    alkali  hydrate  and  carbonate  present 
Spiritus  Ammoniee  Aromatici,  .     f  §  j    in  the  aromatic  spirit  of  ammonia, 
M.     Ft.  sol.  ^^^  ^^  whole  of  the  mercury  be  pre- 

cipitated ;  part  of  which  as  ammoni- 
ated  mercury. 

41. 

B .    Aluminis, gr.  xxx        On  adding  the  solution  of  the  am- 

Ammonii  CSarbonatis,    .    .    .   ,    gr.  Ix    monium  salt  to  that  of  the  alum,  a 

Tincfurffi  Belhidomiffi  f  t  ii     Precipitate  of  aluminum  hydrate  will 

nncturse  Uelladonn®, f  3  y    ^^^^  carrying  with    it   the   coloring 

Glycenni, f  3  uj    matter  and  activity  of  the  tincture  of 

Infusum  Senegse,    .    .  q.s.  ad    fj^    belladonnaand  infusion  of  senega.    It 

is  not  advisable  to  dispense  this. 

42. 

The  glycerin  (being  organic)  causes 
B .     Potassii  Permanganatis,  ....      3  j    decomposition  of  the  permanganate  ; 

Glycerini, fgij    instead  of  a  bright,  red-colored  solu- 

^Qjjjg  £5y    tiou,  a  colorless  liquid  with  a  dark 

^     ' ^^    precipitate  (of  manganic  oxide)  will 

result. 

4a 

B.    Quininse  Sulphatis, 1.30  No  matter  how  compounded,  this 

Sodii  Salicylatis, 15.50  mixture  will  contain  a  heavy  predpi- 

Acidi  Hydrobiomici  Diluti,     .    30  Cc.  ^te  of  salicylic  acidcaused  by  t^^ 

•^                             '       -^^  ^  decomposition  of  the  sodium  salicylate 

M«» q.  s.  ad  250  Cc.  by  the  hydrobromic  acid. 

44. 

B .    Liquoris  Hydrai^ri  Perchloridi,   TC\ji  Liquor  Hydrargyri   Perchloridi  is 

Potassii  lodidi, gr.  x  official  in  the  British  Pharmacoposia. 

TVwww.*^  n;»^T,J»l^             \.  J  o^  f%i  I*  contains  10  grs.  each  of  HgCL  and 

Decocti  Cinchome,     .   .   .q.8.adf|j  NH^ainl  pint  (Brit.)  of  water    The 

addition  of  potassium  iodide  to  this 
will  produce  the  reagent  known  as  Mayer's,  which  causes  a  precipitate  with  the 
alkaloids  of  the  decoction  of  Cinchona  to  form.  To  render  this  as  difiusible  as 
possible  it  is  best  to  add  the  solution  of  the  mercury  salt  to  a  portion  of  the  decoc- 
tion, and  to  dissolve  the  potassium  iodide  in  another  portion,  then  to  mix  the  two 
gradually. 

45. 

B.    Ferri  et  QuininsB  Citratis,    ...   2.00  Potassium  iodide  and  the  scale  salt 

Potassii  lodidi, 5.00  ^^  incompatible,  hydriodate  of  qui- 

Q         .  nine  being  precipitated  ;  should  the 

^"P  *  solution  become  warm,  the  precipitate 

Aquae  Destillatie, W    30.00  ^ould  form  a  sticky  mass. 


46. 

B .    Liquoris  Ferri  Perchloridi,  .    .    .  TT\^x  This  mixture  would  not  be  safe  to 

Potassii  Bromidi, gr.  xxx  dispense  if  the  ferric  chloride  contains 

Aquae, fjy 


an  excess  of  acid,  because  of  the  libera- 
tion of  bromine ;  however,  if  the  liquor 
be  nearly  neutral  no  difficulty  will 
occur. 
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47. 

B .    Strychnios  SalpfaatiB,  ....     0.065        The  strychnia  sulphate  is  dissolved 
Potassii  Biomidi,      .  .   25.000    ^^  »  portion  of  the  water,  and  the  bro- 

Aqu«, q.s.ad    250CC.     ^^"^  ^^J^^^^^ 'a^  ""^"^ '^}''' 

1,^  *  ^  tion  will  result.  On  standing  over  two 

M.    Ft.  sol.  days,  crystals  of  strychnis  hydrobro- 

mate  will  gradually  separate.     If  one 

fluid  ounce  of  alcohol  be  used  in  place  of  water,  no  precipitate  will  appear. 

48. 

B.    ^nct    Guaiaci  Ammoniat«.  .    .     SU        The  potawium  bicarbonate  being  in 

Mncilag.  Acacis, gy  excess  will  precipitate  the  quinine, 

Qnin.  Sulph., gr.  vi^j  and  the  resin  of  the  ammoniatedti net- 
Acid.  Sulph.  Dil.,      giv  ure  of  guaiac  will  be  thrown  out  by 

T>^i^^  Tj.^,*^  -;  the  water.     The  mixture  is  hopelessly 

Potass.  Bicarb.,     gj  i^eompatible. 

Aquffi, q.  s.  ad     5  iv 

49. 

B-    Acidi  Carbolici, 5.00        On  mixing  these,  active  efferves- 

Sodii  Bicarbonatis, 20.00    cenoe  follows.     Glycerin  reacting  with 

tt~i:;  ti;ka^«4o  on  c\f\    borax    (sodium    biborate)    combines 

Sodu  Biboratis,      30.00    ^.^j^  ^^  ^^  ^^^  ^^^  ^^  ^^  ^^^ 

Glycenni, 360.00    glyceryl    metaboiate  (C^HftBOg)    and 

sodium  metaborate  (NaBO,).  The 
glyceryl  metaborate,  in  presence  of  water,  resolves  itself  into  glycerin  and  boric 
acid  ;  the  latter  reacts  with  the  sodium  bicarbonate  liberating  carbon  dioxide. 

50. 

B .    QuininsB  Bisulphntis, 3  ss 

Extract!  Eucalypti  Fluidi,  ...     f  J  j        l^®  tannic  acid  of  the  fluid  extract 


Aqu8B, fjy 


unites  with  the  quinine  to  form  the 
insoluble  quinine  tannate,  which  sepa- 


M.     Ft.  sol.  rates  in  the  form  of  an  insoluble  pre- 

Sig. — Cochleare  parvum  omni  hora  suma-  cipitate. 
tur. 

51. 

B .    Potassii  lodidi, 3  j  Syrup  of  Ferrous  Iodide  generally 

Syrupi  Ferri  lodidi,      ....      f^iv  gives  with  potassium  iodide  a  precipi- 

,     ^2 .  tate  of  ferrotu,  quickly  changing  to 

^V^y q.s.  aa    I3J  ^^^^  carbonate  or  hydrate,  because 

the  EI  is  usually  slightly  alkaline. 
The  addition  of  a  little  citric  acid  to  the  solution  of  the  iodide  will  keep  the  mix- 
ture clear. 

52. 

B .     Plumb!  Acetatls, ^j 

Tincturse  Opii                                 fJ^ij  The  lead  salt  should  be  dissolved  in 

Q                      * fL^'  9di  excess  of  the  water  and  added  to 

^y"^P*' 'oVJ  the  diluted  tincture.     The  precipitate 

Aquae, q.  s.  ad    fgviy  formed  should  not  be  filtered  oflf. 

M.     Ft.  lotio. 

53. 

B .     Aigenti  Oxidi, gr.  vj  gjj^g^  ^^^^^^  p^^^  ^^^li  its  oxygen 

Creoeoti, gtt.  vj  with  great  facility  and    often    with 

Pulveris  Radicis  Glycyrrhizae,  q.  s.  explosive  force  when  combined  with 

M.     Fiantpil.  No.vj.  organic  substances. 
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54. 


B .    Potaaeii  lodidi, 12.0  when  the  ingredients  are  mixed  in 

Tr.  Digitalis, 8.0  the  order  given  iind  shaken,  efferves- 

Extracti  Eiythioxyli  Fluidl,  .    .    30.0  cence  will  occnr,  with  evolution  of 

8p.  iEtherisNitroBi 30.0  nitrons  fhmes.     Prepamtions  contain- 

wi*.  ^A^i.u^iwx^ii;iuo>,                        »/v.v  jjjg  tannic  acid    react  with   nitrous 

Glycerini, 30.0  ether,  resulting  in  its  decomposition. 

Aquae, q.  s.  ad  125.0  The  spirit  of  nitrous  ether  should  be 

added  last  and  in  portions,  and  the 
mixture  should  be  allowed  to  stand  uncorked  for  at  least  five  hours  for  the  escape 
of  nitrous  fumes. 

55. 

.  The  extract  of  opium,  if  not  already 

R.     Liq.PlumbiSnbac.Dil.,.    .    .      f,^iv  in  powder,  should  be  reduced  to  a  fine 

Extractl  Opii  Aquoei,  ....    gr.  xx  powder  and  triturated  with  the ''lead 

M.     Ft.  lotio.  water'' gradually  added.    The  turbid 

mixture  should  not  be  filtered. 

56. 

B.    Hydraigyri  Chloridi  Conosivi,      gr.  j  This  forms  the  well-known  "  Yel- 

•  •        •   /X.1  •                              ^2^-:  'ow  Wash."    The  yellow  precipitate 

Liquons  Calcis fgviij  ^^^^    ^^^.^  of  mercuric  oxide. 

M.    Ft.  lotio.  This  should  not  be  filtered  off. 

57. 

B .     Potassii  lodidi, 3  ias  rj.^^^  mixture  should  not  be  dis- 

Tinctum  Ferri  Perchloiidi,  .    .  fjss  pensed,  because  of  the  presence  of  ft«e 

AqusB, q.  s.  ad   f  ^  iv  iodine,  liberated  by  the  action  of  ferric 

^M.    Sigm^^Cochleare   pamim    ter   i»  ^^»e5;^;=2Ki  =  i.  +  2Fea,  + 2Ka. 

58. 

B .    GaffeiniB  Citratte,  The  alkali  carbonate  precipitates  the 

Ammonii  Carbonatis,   .    .    .    .  ftft    9«  wffeine  from  both  of  the  other  ingre- 

„,.  .    ^                                           ^Tz.  dients.    The    patient  should  receive 

Elixir  Guaranffi, f  Jj  ^^^^^^  ^  ^^  ^^   ^^^^   ^^^^ 

M.    Signa. — Cochleare  parvum  p.  r.  n.  using. 

59. 

On  pulverizing  these  two  together, 

B .    Potassii  Bromidi, gr.  x  the  mixture  will  acquire  a  dark  color, 

Calomelanos, gr.  iij  due  to  the  separation  of  metallic  mer- 

M     Ft  nnlv  •  mitte  talM  vi  ^^^^  mercuric  bromide  being  formed 

M.    Ft.  pulv. ,  mitte  tales  vj.  ^^  ^^^    ^^^  ^^^      ^^    powders 

should  not  be  dispensed. 

60. 

These  pills,  after  being  made,  swell 

B .     Bismuthi  Snbnitratis, 3  j  considerably  and  disintegrate.    This 

Sodii  Bicarbonatis,     ....    gr.  xxx  ia  doe  to  the  evolution  of  carbonic 

iLT     w     4.    •!  xr  *<5'n  gas,  caused  by  the  reaction  be- 

M.    Fiant  pU.  JSo.  xx.  ^^^  ^y^^  subnitrate  and  the  bicar- 

bonate. 

61. 

B .     Potaasii  Bitartratis, ^  j  The  following  reaction  takes  place, 

"       lodidi                                    zj  resulting  in  the  decomposition  of  the 

Syrupi  Aurantii, f.^iv  c^HjNO,  +  KI  =  K,C4H40,  4- CjH^- 

Aquae q.  s.  ad  f  J  x  OH  +  NO  -f-  I.    The  mixture  should 

not  be  dispensed. 
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82. 

B.    Morphine  A«tatta, 0.05  The  addition  of  potaemnm  iodide  to 

Potassii  lodidi, 2.00  g^^h  metallic  salts  as  iron  or  copper 

Ferri  Salphatis, 1.00  sulphate  gives  rise  to  the  precipitation 

Aqiue, 50.00  ^^  ^*>®  iodide  of  the  metal  as  well  as 

M     Ft  sol  *^®  liberation  of  free    iodine.      The 

'        '      '                            .,  mixture  is  incompatible  and  should 

Sig.— Cochleare  parvum  omnibus  ^ot  be  dispensed. 

noctibus. 

63. 

B.    Calcii  Sulphidiy gr.  xv  If  the  calcium  sulphide  be  added  to 

Liquoris  Hydmrgyri  Peichloridi,   15  vj  the  solution  of  the  mercuric  chloride, 

x>r.4.^c^ix  T.^iAi                              ^  -:  the  latter  will  be  decomposed  with 

Potassii  lodidi gr.  ig  fon^^tion  of  mercuric  sulphide.     If 

Potassii  Bicarbonatis, ^\\}    the  potassium  bicarbonate  be  added  to 

Aquse  Chloroformi,   .   .  q.  s.  ad  .^viy    the  mercuric  chloride,  mercuric  car- 
bonate or  oxychloride  will  be  thrown 
down.     However,  as  the  amount  of 
mercury  salt  present  in  the  mixture  is  comparatively  small,  the  mixture  might 
be  dispensed,  with  directions  to  shake  the  bottie. 


64. 

B .    Potassii  Chloratis, 3  \j        The  addition  of  the  potassium  chlo- 

Syrupi  Ferri  lodidi, f5ij  ra^  ^  the  solution  containing  the 

v;«;  A«+iw,^  ;:  cl^  ^  ferrous  iodide  causes  a  liberation  of 

Vim  Antimonii f.t^ss  free  iodine.     Under  the  circumstances 

Spiritus  Chloroformi,     ....     f^\}  the  mixture  would  be  dangerous  to 

Aquse, q.  s.  ad.  f  5  viij  dispense. 


65. 
B .    Liquoris  Strychninse  Hydrochlor- 

atis, V\fi 

Liquoris  Arsenicalis, tt\,  Ixx 

"        Potassee f^ij 

Spiritus  Vini  Rectificati,     .   .   .    f  ^  iij 


The  strychnine  is  precipitated  by 
the  alkali,  but  redissolved  by  the 
alcohol.  Id  compounding,  add  the 
liquor  potassae  last. 


66. 

B .    Tinctnrse  Myrrhae,      f  3  ij  The  tannin  unites  with  the  mor- 

Morphinffi  Acetatis, gr.  j  pbine,  forming  an  insoluble  precipi- 

AcidiTannici                                    :?ss  ^^'    The  ti  net.  of  myrrh  precipitates 

* ^  its  resin  when  added  to  the  syrup.    A 

Syrupi  Zingibens, fgj  hopeless  case  of  chemical  and  pharma- 

M.    Ft.  sol.  ceutical  incompatibility. 


B .     lode  m^tallique,  .... 

Alcool, 

Essence  de  t4r6benthine, 
(To  be  used  as  spray). 


67 

10  Gm. 

306m. 

200  Gm. 


There  is  an  insufficient  amount  of 
alcohol  for  dissohingall  of  the  iodine  ; 
hence  to  the  powdered  iodine  mixed 
with  the  alcohol,  the  oil  of  turpentine 
is  slowly  added.  Ignition  would  result 
if  the  iodine  and  turpentine  were 
brought  together  directly. 
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B  •    StrychninflB  Hydrochloratis,  .    .  gr.  j  The  dialyzed  iron  forms  an  insol- 

Tinctune  Cinchonce, f Ij  "We  inert  compound  with  the  Fow- 

T  : ^^„  1?^^;  rk4«i«»«4.«  ^-^i^  '©r's  Solution.     There  is  also  danger 

Liquons  Fern  Dialysati,    .    .   .  f^iT  of  the  strychnine  being  thrown  out  of 

Liquoris  Potaasii  Arsenitia,   .    .  fgy  solution  by  the  alkali  of  the  Fowler's 

Syrupi, f.^ivi  Solution,   which  would    render    the 

^qii^                              q,  s,  nd,  f  j  |y  mixture  dangerous  to  dispense,  as  the 

„      «.   *  I'x.' whole  of  the  strychnine  might  possibly 

M.    Ft.80lutio.  be  given  with  the  last  dose 
Signa.— Capiat  t»chleare  parvum  post 

prandinm. 

69. 

B.     Liquoris  Ferri  Dialysati,  ...     25.00        Hydrated  oxide  ofiron  will  separate, 

Liquoris  Potassii  Arsenitis,  .    .   .   4.00    produced  by  the  action  of  the  alkali 

carbonate  of  the  Fowler's  Solution. 
This  ferric  hydrate  combines  to  the 

inert  insoluble  ferrous  araenaie,  with  the  arsenous  acid  of  the  Fowler's  Solution. 

Dialyzed  iron  is  employed  as  an  antidote  for  arsenical  poisoning. 

70. 
B .    Potassii  Cyanidi,  On  bringing  the  chloral  and  potas- 

Chloralis      ftA    10.0    ^^^^  cyanide  in  contact,  deoomposi- 

Unmienti  30  0    ^^^^  takes  place  at  once,   with  the 

^       ' disengagement  of  hydrocyanic  acid. 

In  this  case  immediate  reaction  may 
be  prevented  by  triturating  the  substances  separately  with  a  portion  of  the  oint- 
ment. However,  the  ointment  will  turn  brown  in  a  short  time,  with  disengagement 
of  hydrocyanic  acid. 

71. 
B .     Zinci  Phosphidi  The  phosphide  and  permanganate 

Potassii  Permanganatis,   .    .   &&  gr.  x    should    not  be    triturated    together. 

Extracti  Taraxaci,     ...    q.s.  ^riPn;^i\l''!:J^^^ 

'  ^  many  organic  extracts,  gives  oiiphos- 

M.     Ft.  pil.  cxx.  phoretted     hydrogen     (PH,),     while 

potassium  permanganate  is  immedi- 
ately decomposed  under  the  same  circumstances.     This  should  not  be  dispensed. 

72. 

B>     Liquoris  Arsenicalis  (Fowl.),  .   .    fgj        Thealkalicarbonateof  the  Fowler's 

Hydrargyri  Perchloridi,    .    .    .    .  gr.  j    solution    decomposes    the    mercuric 

.  ^    f5iv    c^^®"^®  which  has  been  dissolved  in 

^     '  *. ^'    ■  ^        the  water,  with  formation  of  mercuric 

M.     Ft.  mist.  carbonate  or  oxychloride.     The  pre- 

Sig.~fSij  t.  i.  d.  scriber   should    have   chosen   Liquor 

Acidi  Arsenosi.  If  circumstances  are 
such  that  the  mixture  must  be  dispensed  at  once  without  consulting  the  prescriber, 
the  patient  should  be  instructed  to  shake  the  bottle,  in  order  to  avoid  the  risk  of 
taking  the  entire  precipitate  with  the  last  dose. 

73. 
B .    Syrupi  Ferri  lodidi.  The  alkali  carbonate  of  the  Fowler's 

Liquoris  Potassii  Arsenitis,   aa     f  arij    solution  precipitates  a  portion  of  the 

SympiToluian.,    .   .q.s.  ad  f^iij    r/SL'iJt'^.'al^'l^lnr^^ 

changes  to  ferric  hydroxide.  The 
iodine  liberated  unites  with  the  potassium.  The  intentions  of  the  physician  are 
defeated  by  this  incompatibility,  hence  he  should  be  consulted.     Otherwise  nothing 
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woald  be  left  for  tbe  dispenaer  to  do  but  to  oompound  the  mixtare  by  dilutiiig  each 
of  the  active  ingredients  with  half  of  the  Symp  of  Tola  and  mixing  gradually.  The 
proper  precautions  in  regard  to  shaking  before  using  should  be  obiierved. 


74. 

B .  Quinins  Sulphatis,  .  .  .  .2.0  Gm. 
Tinctures  Gantharidis,  .  .  .  3.5  Co. 
Bpiritus  Rosmarini,     .    .    .      16.0  Cc. 

Infosi  Salviie, 120.0  Cc. 

M.    Ft.  lotio.    Sig. — Apply  to  scalp  as  directed. 


The  tannic  acid  in  the  infusion 
forms  an  insoluble  mass  with  the 
quinine.  The  mixture  is  unmanage- 
able. 


75. 

Spirit  of  nitrous  ether  effervesces 

B.     Extract!  Bnchu  Flnidi,  ....      fjj  quite  violently  when  added  to  fluid 

Potaasii  Citratis,                              !?  iij  extract  of  buchu  or  uva  ursi,  or  any 

Spirito- ^heri,  Nitn«.  .  ^  .    fj-  P^^™f^-  X^^hriu  Jne? 

Syrupi  Limonis,     .    .  q.  s.   ad    f  3  viy  causes    the    decomposition    of    the 

nitrous  ether. 

76. 

B .     Hydrai^gyri  lodidi  Rubri,    .   .    .    0.20  The  mercuric  iodide  and  potassium 

Potassii  lodidi                               12  00  iodide  are  dissolved  in  the  smallest 

Ext.  Cincho„«'Flaidi, '   .   .   :   '.  ^.^  ^J^'lZT^TS'ZlZ 

Syrupi, 160.00  extract  is  gradually  added.  The  whole 

M.     Ft.    sol.,    ctgus   ffiger  cap.    coch.  of  the  cinchona  alkaloids  contained  in 

parvum  ter  in  die  in  cyatho  vinario  t^JS  wUl  be  precipitated  by  the  po- 

-«   r^«  .ww>4  4^»^««    »«.»^  ^4^^»o«»  tassio-mercuric  iodide.     A  ** shake'* 

aq.  fng.  poetjentac.,  prand.  et  cenam.  ^^^  ^^^^^  ^  attached. 


77. 

B .    Plumbi  Acetatis, gr.  xl        Upon  addition  of  the  aromatic  snl- 

Bismuthi  Subnitratis, 3  ss    P^»«ric  acid  to  the  solution  of  the  lead 

AcidiSulphnrici  Aromatic..  .    .   f3»    X^^.!StoSl§tVu^iX''^r^StS^ 

QuininiB  Sulphatis, gr.  xx    ^ith  the  last  dose,  and  as  it  is,  more- 

Aquae  Anisi,  .    .    .    .    q.  s.  ad      f.^iv    over,  liable  to  remain  for  a  longtime  in 
M.     Ft  sol.  the  digestive  organs,  and  apt  to  cause 

lead-poisoning,  the  mixture  should  not 
be  dispensed  without  the  prescriber  being  consulted.  If  this  be  impossible,  the  lead 
sulphate  should  be  removed  by  filtration. 


78. 

B .     Aluminis, 3  j  Each  of  the  salts  is  dissolved  in  a 

Plumbi  Aoetat.                                  3  v  separate  portion  of  water.    On  mixing 

AmifPTWtniftte. fixii  these  solutions  a  heavy  precipitate  of 

Aquae L»estiiiat8B, I5xy  lead  sulphate  falls,  resulting  from  the 

M.     Ft  lotio.  reaction  between  the  aluminum  and 

potassium  sulphate  and  the  lead 
acetate.  Unless  the  prescriber  directs  otherwise,  the  lead  sulphate  should  not  be 
removed  by  filtration,  but  directions  to  shake  the  mixture  before  use  should  be 
attached. 
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79. 

B.    Addi  Tannici, gr.  x        The  quinine  salt  should  be  diasolved 

Quininie  Sulphatis, g^-  iij    ^^  one-half  of  the  water  by  aid  of  the 

AcidiSulphuriciDiluti,   ....  niiU    <^^^"*®  ^^'^  ^  ^^«  ^^  slowly  the 
*    ^yj^  g  ad  f  5  i    **^"^*^"  ®^  *^®  tannic  add  in  the  re- 

^^^ ^    '         ^^     mainder  of  the  water ;  a  light  floecu- 

lent  predpitate  of  quinine  tannate  will 
result.     Dispense  with  a  shake  label. 


80. 

B .    Olel  Morrhuffi, f  3  iv 

Aquae  Calcis,      f,^i^ 

Solve  et.  adde  : — 

Syrupi  Ferri  lodldi,      f^iv 

Old  Cinnamomi, f  .^  ss 


The  lime-water  serves  the  purpose 
of  emulsionizing,  or,  rather,  partially 
saponifying,  the  eod-liver  oil.  But  ou 
bringing  ^is  mixture  in  contact  with 
the  ferrous  iodide,  ferrous  hydrate  will 
be  precipitated,  while  the  iodine  will 


Syrupi     f  S  z\j    combine  with  the  caldum. 


81. 

B .     Liquoris  Arseni  et  Hydrargyri  The  Donovan's  Solution  forms  with 

lodidi      10  Co.  ^^®  quinine  an  insoluble  compound 

i>^4^.>«.{;  T^{.i: Kn^  which     precipitates.      The    quinine 

Potassiilodidi 6Gm.  solution  should  be  added  hist  and  in 

Quininae  Sulphatis, 2  Gm.  small  portions  to  the  mixture  in  order 

Addi  Snlphurici  Dilnti,     .    .    .  q.  s.  to  obtain  the  precipitate  in  as  finely 

Aqus, q.  s.  ad  300  Ck;.  subdivided  a  condition  as  possible. 


82. 

B.    Sodii  Salicylatis, 8  Gni. 

Quininse  Sulphatis, 5  Dg. 

Liquoris  Ammonii  Acetatis,   .    10  Cfc. 

Syrupi  Zingiberis,     .   .  q.  s.  ad  60  Cc. 

M.    Sig. — leaspoonfal  in  water. 

would    be   thrown 

On  diluting  the  finished,  clear  mixture  with  water,  insoluble  quinine  salicylate 
precipitates. 

83. 


The  two  salts  are  dissolved  in  the 
solution  of  ammonium  acetate  which, 
for  this  purpose,  must  be  neutral. 
The  solution  is  then  mixed  with  the 
syrup.  If  the  spirit  of  Mindererus 
were  add,  some  of  the  salicylic  acid 

out  of  solution. 


f5J  When    strychnine    and     mercuric 

gr,  j  chloride  are  brought  together  in  soln- 

.  tion  in  the  presence  of  hydrochloric 

^  '  \  acid,  a  dense  precipitate  of  strychnine 

^Zi  chloro-mercurate    is   thrown    down. 


B .     Liquoris  Acidi  Arsenosi,     .    . 

Hydrargyri  Bichloridi, 

Strychnine  Sulphatis,  .... 

Spiritus  Vini  Rectificati,  .    .    . 

AquDB, f  J  j     This  is  insoluble  in  water,  but  soluble 

in  alcohol.  In  this  mixture  there  is 
not  suffldent  alcohol  to  effect  solution.  In  dispensing  ihiSy  or,  in  fact y  any  mixture 
which  contains  a  potent  substance  in  the  form  of  an  insoluble  precipitate,  a  great  risk 
will  he  incurred  by  the  dispenser,  for  any  carelessness  on  the  part  of  the  patient,  in 
omitHng  to  shake  the  bottle,  may  be  attended  with  serious  result. 


B .     Potassii  Bromidi, 

Chloral  is  Hy  drat.,  .    .    .    .  aa 
Tincturee  Opii  Camphoratae, 
Syrupi  Zingiberis,  .    .   . 


84. 


lOGra. 


aa     50  Cc. 


On  standing,  chloral-alcoholate  will 
separate  as  oily  drops.  Certain  salts, 
as  KBr,  NaBr,  NaCl,  MgSO,,  etc., 
cause  the  formation  of  chloral  aloo- 
holate    (CCl3COH,CaHeO)    in  hydro- 
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alcoholic  eolations  with  chloral.  While  this  chloral  alcoholato  acts  as  an  hypnotic, 
it  is  harsh  in  its  action,  leaving  unpleasant  secondary  effects.  Alcoholic  prepara- 
tions shonld  not  be  prescribed  with  chloral,  especially  not  in  connection  with^tbe 
bromides  of  sodium  and  potaasiam,  because,  if  the  solutions  used  are  at  all  con- 
centrated, the  chloral  will  separate  as  alcoholate,  float  on  the  surface,  and  a  great 
risk  will  be  Incurred  of  giving  a  large  overdose  if  the  patient  is  not  very  careful  to 
shake  the  bottle  before  taking  a  dose. 

86. 

B>     Zinci  Sulphatis,  This  forms  an    unsightly  and  in- 

Plumbi  Acetatis, aa    gr.  x  compatible  mixture,   yet  should    be 

Villi  O  ii  dispensed    unJUtered.     The    zinc  sul- 

_        ^  »                                        ^    ..  phate  and  lead  acetate*  react,  produc- 

Tmcturae  Catechu aft    f^y  ing  the  insoluble  lead  sulphate.   Lead 

Aquffi, q.  s.  ad      f  S  iv    acetate  is  incompatible  with  the  wine 

M.    Ft.  sol.  ^^  opium  and  tincture  of  catechu. 

The  zinc  sulphate  and  lead  acetate 

should    each    be    dissolved   in   two 

ounces  of  water  and  mixed,  and  the  wine  of  opium  should  be  dilated  with  an  ounce 

of  water  and  added,  followed  by  the  tincture  of  catechu,  likewise  diluted.    This 

yields  a  brownish  colored  liquid,  holding  a  fine  precipitate  in  suspension. 


86. 


K .    Hydraigyri  Chloridi  Corrosivi,    gr.  iy 

AqusB  DestillatsB,      f  3  iss 

M.  ft.  solutio  et  adde  :~ 

Albuminis  Ovi, f  3  iss 

AqusB  DestillatsB,  .    . 
Misce,  cola,  et  adde  : — 

Aquae  destillatae,     .    .    .   q.  s.  ad  f  3  x 


On  adding  the  solution  of  the  mer- 
curic chloride  to  the  solution  of  the 
egg  albumen,  an  insoluble  compound 
forms,  which,  when  the  mixture  is 
strained,  removes  the  entire  amount 
q.  s.  ad    f^v    of  mercuric  chloride,  resulting  in  an 

inert  solution. 


87. 
B .     Hydrai^ri  Chloridi  Corrosivi, 

Ammonii  Chloridi,    .    .    .    .  aa   gr  iij         ^^  ,,    .,         .  ^   ^^ 

.         TN    x'11  i.  r*  •  The  ammonium  chloride  assists  the 

AqusB  Destillatfe, fS^s    ^^^^^^^  <,f  ^he  mercuric  chloride  in 

M.  ft  solutio  etadde:—  the  water.     It  also  prevents  the  for- 

Albuminis  Ovi, f  3  i®    mation  of  the  insoluble  compound  of 

Aquro  Destillat©,    .    .    .  q.  s.  ad  f  3  v    the  mercuric  salt  with  the  albumen 

Misce  cola,  et  adde  :  — 

Aquce  DestillatsB     .    .    .   q  s  ad  f.^x 


*  Lead  Acetate  is  incompatible  with  such  preparations  as  contain  organic  acids,  as  it  forms 
insoluble  compounds  with  thc»e.  In  the  above  instance  it  unites,  forming  an  insoluble  compound, 
with  the  meconic  acid  of  the  opium  and  the  catcchuic  acid  of  the  catechu. 

lyead  Subacetaie,  being  of  an  alkaline  reaction,  precipitates  alkaloids,  organic  acids,  solutions  of 
gummy  and  coloring  matters,  tannins,  albumen,  etc. 


CHAPTER   XXXYII. 

VOLUMETRIC  QUANTITATIVB  ANALYSIS. 

Volumetric  Analysis  is  the  method  by  which  we  determine 
the  quantity  of  certain  substances  by  means  of  the  volume  of 
selected  reagents  which  are  required  to  perform  a  given  reaction. 

The  process  of  adding  the  liquid  reagent  from  graduated  mea- 
sures is  called  Titration. 

The  strength  of  a  volumetric  solution  as  compared  with  that  of 
another,  or,  in  other  words,  its  ratio  to  the  latter,  is  called  its  Titer. 

A  Volumetric  or  Standard  Solution  is  a  solution  of  definite 
strength,  which  is  made  by  dissolving  a  given  weight  (in  grammes) 
of  a  reagent,  in  a  definite  volume  (in  cubic  centimeters)  of  water. 
These  solutions  are  usually  made  by  dissolving  the  molecular 
weight  of  a  reagent  in  grammes  or  a  fraction  thereof  in  1000  cubic 
centimeters  (one  liter)  of  water.  The  following  abbreviations  are 
in  use : 

N  or       (no'nnal).     "Volumetric    solutions    are   designated    as 

normal  (y)  when  they  contain  in  1  liter  the  molecular  weight 

of  the  active  reagent,  expressed  in  grammes,  and  reduced  to 
the  valency  corresponding  to  one  atom  of  replaceable  hydrogen 
or  its  equivalent. 

"  Thus,  hydrochloric  acid,  HCl  =  36.37,  having  but  one  H 
atom  replaceable  by  a  basic  element,  has  36.37  Gm.  of  HCl  in 
1000  Cc.  of  the  normal  volumetric  solution;  while  sulphuric 
acid,  H2SO4  =  97.82,  having  two  replaceable  H  atoms,  contains 
only  one-half  this  number,  or  48.91  grammes  of  H2SO4  in  1000 
Cc.  of  its  normal  solution.  Potassium  hydrate,  KOH  =  55.99, 
has  but  one  K  to  replace  one  H  in  acids,  hence  its  normal  solu- 
tion contains  55.95  grammes  of  KOH  in  one  liter." 

vr 

-—  {decinormat)  =  Solutions  which  contain  in  one  liter  one-tenth 
of  the  quantity  of  the  active  reagent  in  the  normal  solution. 

"-  (centinorfnal)  =  Solutions  which  contain  in  one  liter  one  hun- 
dredth of  the  quantity  of  the  active  reagent  in  the  normal 
solution. 

^  {double  normal)  =  Solutions  which  contain  in  one  liter  twice  the 
quantity  of  the  active  reagent  in  the  normal  solution. 

XT 

\,  {semi-normal)  =  Solutions  which  contain  in  one  liter  one-half  of 
the  quantity  of  the  active  reagent  in  the  normal  solution. 
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INDICATORS. 

An  indicator  is  a  substance  which  is  added  to  the  solutions,  dur- 
ing titration,  for  the  purpose  of  showing,  by  a  change  of  color  (or 
other  visible  change),  the  exact  point  at  which  the  reaction  is  com- 
plete. 

The  principal  indicators  employed  are : — 

1)  Solviion  of  Litmus  (Test  solution,  U.  S.  P.).  This  turns  red 
with  acids  and  blue  with  alkalies. 

2)  Alcoholic  Solution  of  Phenolphtalein  (Test  solution  U.  S.  P.V 
— This  is  colorless  with  acids  and  turns  deep  red  with  alkali 
hydrates  and  carbonates ;  bicarbonates  and  most  other  salts  do 
not  produce  this  color.  It  is  not  reliable  when  alkaline  salts 
of  ammonium  or  phosphoric  acid*  are  present. 

3)  Solution  of  Methyl- Orange  (Test  solution  U.S.  P.). — This  solu- 
tion acquires  a  yellow  color  in  contact  with  alkali  hydrates,  car- 
bonates, or  bicarbonates.  With  the  inorganic  acids  the  solution 
acquires  a  crimson  color.  It  is  indifferent  to  carbonic  acid  and 
should  not  be  used  with  organic  acids. 

4)  Solution  of  Rosolic  Acid  in  diluted  alcohol  (Test  solution  U. 
S.  P.). — The  solution  turns  violet  with  alkalies  and  yellow  with 
acids. 

5)  Decoction  of  Brazil-  Wood  (Test  solution  U.  S.  P.). — This  is  a 
very  sensitive  indicator,  especially  adapted  in  the  estimation 
of  alkaloids.  The  solution  turns  purplish-red  with  alkalies, 
and  yellow  with  acids. 

6)  Tincture  of  Cochineal  (Test  solution  U.  S.  P.). — The  solution 
turns  violet  with  alkalies  and  yellowish-red  with  acids.  It  is 
employed  as  an  indicator  when  ammonia  or  alkaline  earths  are 
present. 

7)  Starch  Mucilage  (Test  solution  U.  S.  P.). — The  cold  solution 
turns  blue  in  the  presence  of  free  iodine. 

8)  Solution  of  Potassium  Chromate  (Test  solution  U.  S.  P.). — The 
solution  gives  a  red  color  with  silver  nitrate.  When  any 
halogen  salts  are  present,  the  red  color  does  not  appear  until 
every  trace  of  the  halogen  has  combined  with  the  silver. 

(9)  Solution  of  Potassium  Ferricyanide  (Test  solution  U.  S.  P.). — 
This  gives  a  blue  color  or  precipitate  with  ferrous,  and  only  a 
clear  brown  solution  with  ferric  salts.  This  indicates  that  all  of 
the  ferrous  salt  has  been  oxidized  to  ferric,  when  it  ceases  to 
impart  a  blue  color  to  the  solution. 


*  Excepting  in  case  of  an  orthophospbate  MsHP04— See  Estimation  of  Phosphoric  Acid. 
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APPABATU8  EMPLOYED. 


MKAsuRrso  Fla8K9  and  Cylinders. — For  the  preparation  of 
■volumetric  solutions  we  employ  accurately  graduated  flasks  or 
cylinders.  The  flasks  (Fig.  384)  are  made  of  various  sizes,  usually 
of  the  capacity  of  250,  500  and  1000  cubic  centimeters  (at  15°  C. 
or  59°  F.),  which  is  indicated  by  a  mark  on  the  neck.  Graduated 
cylinders  (Fig.  385)  are  also  employed  for  this  purpose. 

Pipettes. — These  are  instruments  (see  page  164)  graduated  to 
(/e/irer  definite  volumes  of  fluids.    They  are  constructed  to  hold. 


when  the  fluid  is  drawn  up  to  the  mark  indicated  on  the  stem, 
various  volumes,  as  1  cubic  centimeter  or  fraction  thereof,  5, 10, 
15,  20,  25  or  50  cubic  centimeters. 

Burettes. — These  are  long  tubes,  usually  of  a  capacity  of  25, 
■^O  or  100  cubic  centimeters,  and  graduated  into  divisions  of 
1  Ce.  or  fractions  thereof  (one-fifths  or  one-tenths).  These  are 
employed  for  measuring  out  standard  solutions.  They  are  gradu- 
ated between  two  poin^  on  the  cylinder,  the  upper  one  (0)  begin- 
ning a  short  distance  below  the  upper  extremity,  the  lower  one 
(50  or  100  Cc.)  being  situated  a  short  distance  above  the  point 
where  the  tube  begins  to  narrow  toward  the  outlet;  the  fluid  can 
be  measured  only  between  these  points  (0  and  50,  Fig.  387).    The 
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burettes  are  usually  fitted  below  with  a  pinch-cock  arrangement 
(Fig.  386),  or  with  a  glass  stop-cock  (Fig.  388,  a-h);  the  former, 
when  pressed,  or  the  latter  when  turned,  allows  the  fluid  to  flow 
out  at  any  speed  desired.  The  pinch-cock  arrangement  is  applied 
to  the  simpler  forms  of  burettes  in  which  a  short  heavy  piece  of 
rubber  tube  is  slipped  over  the  narrow  neck  (a,  Fig.  386)  of  the 
lower  end  of  the  burette,  and  tied,  if  necessary  (i,  Fig.  386).  Into 
the  other  end  of  the  rubber  tube  is  slipped  a  short  piece  of  glass 
tubing  {d,  Fig,  386)  of  small  caliber,  drawn  to  a  flne  orifice ;  between 
the  extremities  of  the  rubber,  a  pinch-cock*  (c,  Fig.  386)  is  placed. 

Fig.  SSa.  FIG.  387. 


wilh  GUh  Stop-CockL 


BuTFlle  Operated  Device  for  DmpplDg 

vLIb  Pinch-Cock.  from  Buretl«. 

and  by  pressing  the  two  tips  it  is  caused  to  open  and  permit  the 
flow  of  liquid  from  the  burette.  Fig.  387  illustrates  the  same  form, 
in  which  the  pinch-cock  is  replaced  by  a  small  glass  marble,  or 
short  rounded  piece  of  glass  rod  of  suflicient  size  so  that  when  it  is 
inserted  inside  the  tube,  it  will  retain  its  position  and  not  permit 
the  liquid  to  pass  through.  It  is  operated  by  pressing  the  rubber 
tube  slightly  together  at  this  point,  forming  a  narrow  channel, 
which  permits  the  fluid  to  flow  out  at  any  rate  desired. 

Beginners  tind  it  at  first  somewhat  difficult  to  read  off"  the 
height  of  the  column  of  fluid  correctly.  On  holding  the  burette 
80  that  the  surface  of  the  fluid  is  on  a  level  with  the  eye,  it 
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will  present  an  appearance  like  unto  that  shown  in  Fig.  389, 
this  being  known  as  the  menitcut.  It  is  a  matter  of  some  differ- 
ence, whether  the  height  of  the  meniscus  is  read  off  on  a  line 
parallel  with  the  upper  edge  o  or  the  lower  one  at «,  But  if  we 
begin  by  reading  on  from  one  of  these  edges,  we  must  use  the  same 
height  in  all  our  other  readings.  To  facilitate  the  accuracy  of  read- 
ing, various  devices  have  been  proposed  ;  one  of  the  simplest  (for 
clear  liquids)  ia  that  shown  in  Fig.  390,  in  which  a  piece  of  paper 
half  black  and  half  white  is  held  against  the  back  of  the  burette, 
the  upper  edge  of  the  black  portion  being  held  a  few  millimeters 
below  the  level  of  the  liquid ;  the  lower  concave  curve  of  the 
meniscus  then  appears  as  a  sharp  black  line  which  enables  the 
operator  readily  to  note  the  height  of  the  fluid. 


Some  burettes  are  specially  constructed  for  the  purpose  of  facili- 
tating reading,  being  provided  with  white  enameled  sides  and 
dark  olue  background  (Fig.  391);  the  reflection  of  the  dark  line 
in  the  background  with  the  meniscus  produces  an  appearance 
as  shown  in  Fig.  392.  The  point  of  the  narrowest  portion  cor- 
responds to  the  middle  of  the  meniscus,  which  can  be  read  off 
with  great  accuracy.  A  very  convenient  instrument  for  avoid- 
ing the  meniscus  altogether,  and  which  can  be  employed  with 
accuracy  for  all  kinds  of  fluids,  is  the  Erdmann  float  {Fig.  393). 
This  consists  of  a  small  cylindrical  closed  tube,  sufficiently 
weighted  so  that  it  will  float  upright,  around  the  middle  of  which 
a  line  is  scratehed  ;  this  is  placed  in  the  fluid  in  the  burette  and 
the  height  ia  read  off  by  comparing  the  ring  (scratch)  on  the 
float  with  the  divisions  on  the  burette. 
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In  the  operatiou  of  titrating,  the  substance  to  be  titrated,  if  in 
dry  or  concentrated  form,  should  always  be  dissolved  in,  or 
diluted  with  water.    Beakers  or  flasks,  placed  on  a  sheet  of  white 
paper,  or  a  porcelain  dish  should  be  employed  for  holding  the 
solution;  the  operation  should  be  conducted  with  as  much  Tight 
as  possible,  in  order  to  distinguish  clearly  the  change  of  color, 
etc.,  which  denotes  the  end  point  of  the  reaction.     In  the  begin- 
ning of  the  operation,  the  standard  solution  may  be  added  rapidly 
under  comtant  stirring;  towards  the  end  it  should  be  added  more 
cautiously,  and  finally  only  in  drops.      Thus  in 
Fia.  391.        adding  a  standard  solution  of  an  alkali  to  an  acid 
—  (diluted),  with  phenolphtalein  as  indicator,  each 

drop  of  the  alkali  solution  will  produce  a  red 
color  which  almost  immediately  disappears.    To- 


ErdnuuiD  Float. 


ward  the  end  of  the  reaction,  however,  this  red 
color  disappears  less  rapidly ;  then  the  operator 
should  proceed  very  cautiously.     Just  sufficient 
Bu«i.e^^jE>.md«i  Qf  ^|jg  reagent  should  be  added  to  produce  the 
desired  color  {not  too  iiifeiise),  or  to  cause  decolori- 
zation,  as  the  case  may  be.     With  such  indicators  as  phenol- 
htalein  or  litmus,  which   produce   marked   changes   in   color, 
_jttle  difficulty  is  experienced  in  distinguishing  the  end-point 
of    the   reaction.     Other  indicators,  however,  such   as   methyl- 
orange,  brazil  wood,  cochineal,  etc.,  cause  considerable  difficulty 
for   the   inexperienced,  the   change   of   color   being  often    very 
gradual  and  sometimes  indistinct.     It  is  best  for  the  operator  to 
take  two  beakers  or  test  tubes  containing  the  same  bulk  of  water 
as  there  is  fluid  for  assay,  acidulate  one  with  the  standard  acid 
solution,  and  render  the  other  alkaline  to  an  equal  degree ;  then 
add  to  both  an  equal  amount  of  the  indicator.    On  placing  these 
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beside  the  sample  to  be  assayed  the  change  of  color  can  be  accur- 
ately noted  by  comparison. 


BurttM  SUnd.  BaratM  In  PalUon. 

PREPARATION  OF  STANDARD  SOLUTIONS,  WITH  EXERCISES. 
As  before  stated,  these  solutions  are  prepared  by  dissolving  a 
given  weight,  that  is,  usually,  the  molecular  weight  of  the  reagent, 
expressed  in  grammes,  in  1000  Cc.  of  water.  Thus  in  order  to 
prepare  a  standard  normal  solution  of  hydrochloric  acid,  we 
should  weigh  off  (assuming  that  we  had  an  acid  of  the  exact 
strength  required)  an  amount    containing  36.37  Gm.  of   the 
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absolute  acid,  place  it  into  a  flask,  and  dilute  it  with  water  to 
one  liter.    Then 

if  1000  Cc  of  the  solution  contain    36.37       Gm.  of  absolute  HCl. 

ICte.  "     **         "  "  0.03637    **     "         "  ** 

From  the  equation. 

HCl        +        NaOH        =        Naa        -f        H,0 

Hydrochloric  Sodiam  Sodium  Water. 

Acid.  Hjdrato.  Chloride. 

86.37  39.96 

we  learn  that 

36.37  Gm.  Hydrochloric  Acid  is  equivalent  to  39.96  Gm.  of  Sodium  Hydrate 
ICc.  or  0.03637  Gm.        "  **     "  "         ''    0.03996  Gm.  of    " 

a?Cc.  of  "  **     "  "       a;  X  0.03996  Gm.  of    "  " 

If  we  know  the  number  of  cubic  centimeters  of  normal  acid 
solution,  the  amount  of  alkali  is  readily  calculated. 

The  second  clause  of  the  definition  of  Volumetric  Solutions 
reads  thus,  "and  reduced  to  the  valency  corresponding  to  one 
atom  of  replaceable  hydrogen  or  its  equivalent." 

When  we  desire  to  prepare  a  normal  sulphuric  acid  solution  we 
weigh  off  an  amount  equivalent  to  48.91  Gm.  {\  of  96.82)  of  the 
absolute  acid,  and  dilute  it  to  one  liter ;  here  we  have  taken  one- 
half  of  the  molecular  weight,  for  sulphuric  acid,  being  bivalent, 
corresponds  to  two  atoms  oi  replaceable  hydrogen. 

Thus 

H^4        -f        2NaOH        =        Na^^        +        2H,0 

Sulphuric  Sodium  Sodium  Water. 

Acid.  Hydrate.  Sulphate. 

97.82  2  X  89.96 

One  molecnle  (97.82  p.)  of  Salpharic  Acid  is  equivalent  to  Uoo  molecules 

(2  X  39. 96  p. )  of  Sodinm  Hydrate. 
One-half  of  a  molecule  (48.96  p.)  of  Sulphuric  Acid  is  equivalent  to  one  molecule 

(39.96  p.)  of  Sodium  Hydrate. 

1000  Ck;.  (^  V.  S.)  containing  48.91  Gm.  Sulphuric  Acid       =  39.96  Gm.  of  Sodium 
*  Hydrate. 

1  Cc.         "  **  0.04891  Gm.  Sulphuric  Acid  =    0.03996  Gm.  of  So- 

dium Hydrate. 
X  Cc.  of  normal  Sulphuric  Acid  Solution  =  a;  X  0.03996  Gm.   of  Sodium 

Hydrate. 

The  estimation  of  acids  or  alkalies  is  known  as  Adidimetry  and 
Alkalimetry.  In  order  to  prepare  the  various  standard  solutions, 
we  must  select  some  substance  which  can  be  readily  had  in  pure 
and  undiluted  form.  For  this  purpose  crystallized  oxalic  acid 
answers  best.  Its  solution  must  be  careifully  and  accurately 
prepared,  for  upon  this  all  other  normal  acid  and  alkaline  stand- 
ard solutions  are  based ;  hence  any  inaccuracy  in  this  standard 
would  be  carried  over  into  all  others. 

(1)  Normal  Oxalic  Acid  Volumetric  Solution. 

H,C,04  4-  2H,0  =  125.7  62.85  Gm.  in  1  Liter, 

Weigh  62.85  Gm.*  of  pure  oxalic  acid  in  crystals  and  transfer 

*  "  This  is  frequently  roanded  off  to  63  Gm.  when  a  delicate  balance  and  exact  weights  are  not  at 
hand.'* 
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it  without  loss  to  a  measuring  flask  or  cylinder  of  one  liter  capac- 
ity, add  enough  distilled  water  to  dissolve  it,  then,  maintaining 
the  temperature  at  or  near  15°  Cc.  or  59°  F.,  add  water  to  make 
the  volume  measure  exactly  1000  cubic  centimeters. 

One  Cubic  Centimeter  of  Normal  Oxalic  Acid  V.  8.  is  the  equivalent  of: 

Oramme, 

OxaUc  Acid,  crystallized,  HjCjO*  +  2H,0 0.06285 

Ammonia  Gas,  NH, 0.01701 

Sodium  Hydrate,  NaOH 0.03996 

Potassium  Hydrate,  KOH 0.05599 

Potassium  Peitnanganate,  KMnO^ 0.03153 

(a)  Estimation  of  Alkali  Hydrates, 

Exercise, — In  about  30  Cc.  of  water  0.4  Gm.  of  Soda  were  dis- 
solved, with  phenolphtalein  as  indicator ;  9  Cc.  of  normal  oxalic 
acid  V.  S.  were  required  to  neutralize  it  (suflicient  to  discharge 
the  pink  color):  What  was  its  percentage  in  pure  NaOH  ? 

According  to  the  equation. 

HAOi  +  SHjO        -f        2NaOH        =        Na,C,04        -h        4H,0 

Oxalic  Acid.  Sodium  Hydnte.  Sodium  Oxalate.  Water. 

126.7  2  X  39.96 

1000  Cc.  (-  V.  S.)  containing  62.85  Gm.  of  Oxalic  Acid  are  equivalent  to  39.96  Gm. 
^  of  Sodinm  Hydrate. 

1  Cc.         *'  "  0.06285  Gm.   of  Oxalic    Acid    is   equivalent   to 

0.03996  Gm.  of  Sodinm  Hydrate. 
9  Cc.  of  the  normal  Oxalic  Acid,  V.  S.  =  9  X  0.03996  =  0.3576  +  Gm.  of  So- 
dium Hydrate. 

That  is,  0.4  Gm.  of  the  Soda  taken  contains  0.3576  Gm.  of  pure  subetanoe,  hence 
0.4  :  0.3576  =  100  :  ar;  a?  =  89.4  per  cent 

(2)  Decinormal  Oxalic  Acid  Volumetric  Solution. 

H,C,04  -h  2H,0  =  125.7.  6.285  Gm.»  in  1  Liter. 

Dissolve  6.285  Gm.*  of  pure  oxalic  acid  in  enough  water  to 
make,  at  or  near  15°  C.  (59°  F.),  exactly  1000  Cc. 

One  Cubic  Centimeter  of  Decinormal  Oxalic  Acid  V,  S,  ie  the  equivalent  of : — 

Orammtt. 

Oxalic  Acid,  crystallized,  Ufifi^  +  2HjO 0.006285 

Ammonia  Gas,  NH, 0.001701 

Calcium  Hydrate,  Ca(OH), 0.003691 

Potassium  Hydrate,  KOH     0.005599 

Potassium  Permanganate,  KMnO^ 0.0031534 

Sodinm  Hydrate,  NaOH 0.003996 

The  decinormal  solution  is  generally  preferred  to  the  normal, 
because  the  stronger  solution  has  the  tendency  to  crystallize 
at  the  point  of  the  burette,  in  consequence  of  which  particles 
of  the  solid  matter  are  liable  to  drop  into  the  solution  to  be 
assayed. 

•  '<  GeDeralljr  rounded  off  to  6.8  Gm.,  when  a  delicate  balance  and  exact  weights  are  not  available." 
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ALKALIMETRY. 

Any  of  the  normal  or  decinormal  acid  solutions  may  be  em- 
ployed for  estimating  the  strength  of  alkalies  or  alkaline  solutions. 
The  substance  or  fluid  is  quickly  weighed,  dissolved  or  mixed 
with  the  necessary  volume  of  water,  then  a  few  drops  of  phenol- 
phtalein  solution  are  added,  or  in  presence  of  carbonates,  methyl- 
orange  solution,  and  the  standard  acid  solution  then  added  until 
the  red  color  of  the  former  just  disappears  or  the  yellow  color  of 
the  latter  changes  to  red.  Great  care  must  be  employed  not  to 
add  any  more  of  the  reagent  than  just  necessary  to  produce  or 
discharge  a  given  color. 

Exercise, — 50  Cc.  of  Solution  of  Lime  (Lime  Water),  with  phen- 
ol phtalein  as  indicator,  required  20  Cc.  of  decinormal  oxalic 
acid  V.  S.,  for  complete  neutralization  (sufficient  to  discharge  the 
pink  color).  What  percentage  of  Calcium  Hydrate  does  the 
solution  contain? 

According  to  the  equation : — 

HaC,04  +  2H,0        -f        Ca(OH),        =        CaCjO*        -f        4H,0 

Oxalic  Acid.  Calcium  Hjdrate.       Calcium  Oxalate.  Water. 

125.7  73.83 

125.7  parts  of  Oxalic  Acid  are  equivalent  to  73.83  parts  of  Calciam  Hydrate 
62.85  parts  of  Oxalic  Acid  are  eqniyalent  to  36.91  -f  parts  of  Calcinm  Hydrate. 

1000  Cc.    (—  V.  S.)   containing  6.285  Gm.   of  Oxalic  Acid  are  equivalent  to 
*®  3.691  -f-  Gm.  of  Calcium  Hydrate. 

1  Cc.       "        "  "  0.006285  Gm.  of  Oxalic  Acid  is  equivalent  to 

0.003691  +  Gm.  of  Calcium  Hvdrate. 
20  Cc.  of  the  decinormal  Oxalic  Acid,  V.  S.  =  20  X  0.003691  +  =  0.07382  -f- 

Gm.  of  Calcinm  Hydrate. 

That  is,  0.07382  +  Gm.  of  Calcinm  Hydrate  is  contained  in  50  Cc.  (about  50  Gm.) 
of  Solution  of  Lime,  hence  50  :  0.0738  =  100  ix;  a?  =  0.14  per  cent. 

True  percentage  by  weight  would  require  that  the  specific 
gravity  of  the  solution  be  taken  into  consideration.  In  this 
case,  where  it  is  practically  identical  with  that  of  water,  it  may 
be  neglected. 

Inasmuch  as  sulphuric  acid  varies  in  strength,  and  the  accurate 
weighing  of  quantities  corresponding  to  definite  amounts  of 
absolute  acid  is  next  to  impossible,  the  strength  of  a  diluted  acid 
is  adjusted  by  means  of  a  standard  solution  of  potassium  hydrate, 
which  in  turn  owes  its  accuracy  to  having  been  standardized 
by  oxalic  acid  (see  Normal  Potassium  Hydrate  V.  S.,  page  426). 
The  Pharmacopoeia  gives  the  following  directions : — 

(3)  Normal  Sulphuric  Acid. 

H,S04=  97.82.        48.91  Gm.  in  1  Liter. 

"  Carefully  mix  30  Cc.  of  pure,  concentrated  sulphuric  acid  (of 
specific  gravity  1.835)  with  enough  water  to  make  about  1050  Cc, 
and  allow  the  liquid  to  cool  to  about  15^  C.  (59^  F.).  Place  10 
Cc.  of  this  liquid  (which  is  yet  too  concentrated)  into  a  flask,  add 
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a  few  drops  of  phenolphtalein  T.  S.,  and  afterwards,  from  a  burette, 
normal  potassium  hydrate  V.  S.,  shaking  after  each  addition,  and 
regulating  the  flow  to  drops  towards  the  end  of  the  operation, 
until  the  red  color  produced  by  its  influx  no  longer  disappears  on 
shaking,  but  is  not  deeper  than  pale  pink.  Note  the  number  of 
Cc.  of  potassium  hydrate  V.  S.  consumed.  Then  dilute  the  sul- 
phuric acid  solution  so  that  eaual  volumes  of  this  and  of  normal 
potassium  hydrate  V.  S.  exactly  neutralize  each  other. 

Example. — Assuming  that  10  Cc.  of  the  acid  solution  first  pre- 
pared had  required  exactly  11.2  Cc.  of  normal  potassium  hydrate 
V.  S.,  each  10  Cc.  of  the  former  must  be  diluted  to  11.2  Cc,  or 
each  1000  Cc.  to  1120  Cc. 

After  the  liquid  is  thus  diluted,  a  new  trial  should  be  made  in 
the  manner  above  described,  in  which  60  Cc.  of  the  acid  solution 
should  require  for  neutralization  exactly  50  Cc.  of  potassium 
hydrate  V.  S.  If  necessary,  a  new  adjustment  should  be  made  to 
render  the  correspondence  perfect." 

One  Cubic  Centimeter  of  Normal  Stdphuric  Acid  is  the  equivaleni  of: 

Gramme. 
Salphnric  Acid,  absolute,  H,S04 0.04891 

Ammonia  Cras,  NH,      0.01701 

AmmoDium  Carbonate,  (NHjfCOa 0.042935 

Ammonium  Carbonate  [U.  S.  P.],  NH4HC08.NH4NHaC08   .    .  0.05226 

Lead  Acetate,  crystallized,  Pb((^HsO,),  -f  3H,0 0.18900 

Lead  Subacetate,  assumed  as  PbjOlCzHA^t 0.13662 

Lithium  Benzoate,  LiCyHjO,  (to  be  ignited), 0.12772 

Lithium  Carbonate,  Li,CO,      0.036935 

Lithium  Citrate,  LijCsHjO,  fto  be  ignited), 0.0698566 

Lithium  Salicylate,  LiCjHftO,  (to  be  ignited), 0.14368 

Potassium  Acetate,  KCjHaOs  (to  be  ignited),      0.09789 

Potassium  Bicarbonate,  KHCO, 0.09988 

Potassium  Bitartrate,  KHC4H40e  (to  be  ignited), 0.18767 

Pot&ssium  Carbonate,  anhydrous,  KjCO,      0.068955 

Potassium  Citrate,  cryst.,  Kfi^Hfij  +  H,0  (to  be  ignited),    .  0.10786 

Potassium  Hydrate,  KOH 0.05699 

Potassium  and  Sodium  Tartrate,  ENaC^H^Oe  +  4H,0  (to  be 

ignited) 0.14075 

Sodium  Acetate,  NaC,HsO,-f-3H,0  (to  be  ignited), 0.13574 

Sodiam  Beuzoate,  NaC^HftO,  (to  be  ignited), 0.14371 

Sodium  Bicarbonate,  NaHCO, 0.08385 

Sodium  Borate,  crystallized,  Na^B^OT  -f  lOH-P 0.19046 

Sodium  Carbonate,  anhydrous,  Na^CO^ 0.052925 

Sodium  Carbonate,  crystaUized,  Na,Cbs  +  lOHjO 0.142725 

Sodium  Hydrate,  NaOH 0.03996 

Strontium  Lactate,  Sr(C8H504),  (to  be  ignited), 0.13244 

Exercise. — Exactly  1.7  Gm.  of  Stronger  Ammonia  Water  was 
diluted  with  water,  rosolic  acid  added  as  indicator,  and  normal 
solution  of  sulphuric  acid  added  until  the  violet-red  color  gave 
way  to  yellow,  28  Cc.  of  the  normal  solution  having  been  con- 
sumed.    What  is  the  percentage  strength  in  ammonia  gas? 

HjSO*        +        2NH,.H,0        =        (NH^)^©*        +        2H.,0 

Sulphuric  Acid.  Ammonia  Water.  Ammonium  Water. 

97.82  2  X 17  Sulphate. 
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1000  Cc.   (^  y.  S.)  oootaining  48.91  Gm.  of  Snlphnric  Acid  are  eqnvialeiit  to 
^  17  Gm.  of  Ammonia  Gas. 

1  Cc.     **      "  "  0.04891  Gm.  of  Sulphuric  Acid  is  equivalent  to 

0.017  Gm.  of  Ammonia  Gas. 

28  Cc.  of  normal  Sulphuric  Acid  V.  S.  =  28  X  0.017  =  0.476  Gm.  Ammonia  Gas. 
Since  1.7  Gm.  of  Ammonia  Water  has  been  taken,  then  1.7  :  0.476  =  100  :  x; 
X  =  28  per  cent. 

(6)  Estimation  of  Alkali  Carbonates, 

Exercise, — Let  it  be  assumed  that  two  samples  of  sodium  bicar- 
bonate, each  of  0.85  Gm.  are  to  be  assayed,  to  determine  the  per- 
centage of  pure  salt. 

Here  it  should  be  stated  that  two  methods  are  available  for 
assaying  alkalies  in  presence  of  carbonic  acid.  One  is  the  cold 
method,  with  methyl-orange  as  indicator,  since  this  is  not  sensi- 
tive to  carbonic  acid.  The  other  is  the  hot  method,  with  phenol- 
phtalein  as  indicator,  which  will  not  strike  a  pink  color  w^ith 
alkalies,  until  all  the  carbonic  acid  has  been  expelled  by  heat. 

Let  it  now  also  be  assumed  that  we  used  the  cold  process,  with 
methyl-orange,  on  one  sample,  and  the  hot  process,  with  phenol- 
phtalein  on  the  other,  and  that,  in  both  cases,  10  Cc.  of  normal 
sulphuric  acid  were  required  to  produce  neutrality. 

(1)  Cold  Process. — The  procedure  is  the  same  as  in  all  solutions 
heretofore  explained. 

H,S04        -f        2NaHC0,        =        Na^SO^        -f        CO,        +        H,0 

Salphiiric  Add.  .Sodium  Sodium  Carbonic  Water. 

97.82  Bicarbonate.  Sulphate.  Acid  Gas. 

2X83.85 

1000  Cc.    (—  y.  S.)  containing  48.91   Gm  of  Snlphnric  Acid  are  equivalent  to 
^  83.85  Gm.  of  Sodium  Bicarbonate. 

1   Cc.     **       **  "  0.04891  Gm.  of  Sulphuric  Acid  is  equivalent  to 

0.08385  Gm.  of  Sodium  Bicarbonate. 
10  Cc.  of  normal  Sulphuric  Acid,  V.  S.  =  10  X  0.08:«5  =  0.835  -+-  Gm.  pure 

Sodium  Bicarbonate. 

That  is,  0.850  Gm.  of  the  Sodium  Bicarbonate  taken  contains  0.835  Gm.  of  pure 
substance,  hence  0.850  :  0.835  =  100  :  x;  x  =  98.2  per  cent. 

(2)  Hot  Process. — When  phenolphtalein  is  used  as  indicator, 
the  solution  will  have  to  be  boiled  after  the  addition  of  each  in- 
stalment of  the  standard  acid  solution  in  order  to  expel  the  car- 
bonic acid.  The  end  of  the  reaction  is  recognized  from  the  fact 
that  the  red  color  produced  by  the  indicator  with  alkalies  ceases 
to  reappear  after  several  minutes  boiling. 

(c)  EstimcUion  of  Organic  Salts  of  the  Alkalies  and  Alkaline  Earths, 

The  organic  salts  of  potassium,  sodium,  lithium,  strontium,  etc., 
are  examined  by  weighing  out  a  small  amount  in  a  platinum  or 
porcelain  crucible,  then  heating  slowly  to  redness  (uncovered)  until 
no  further  gases  are  given  off  and  a  charred  mass  remains.  The 
crucible  is  allowed  to  cool,  and  its  contents  treated  with  boiling 
water  and  filtered  into  a  flask  or  porcelain  dish.  The  crucible  is 
washed  out  with  boiling  water,  and  the  washings  passed  through 
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the  filter,  until  the  filtrate  ceases  to  turn  red  litmus  blue.  To  the 
filtrate,  which  should  be  clear,  a  sufficient  amount  of  the  indicator 
is  added,  and  the  alkali  carbonate  present  estimated  as  directed 
above.  This  method  is  directed  by  the  U.  S.  Pharmacopoeia  to  be 
carried  out  with  Lithium  Benzoate,  Lithium  Citrate,  Lithium 
Salicylate,  Potassium  Acetate,  Potassium  Bitartrate,  Potassium 
Citrate,  Potassium  et  Sodium  Tartrate,  Sodium  Acetate,  Sodium 
Benzoate  and  Strontium  Lactate. 


POTASSII   BiTARTRAS. 

♦2KHC4H40, 

Potassium 
Bitartrate. 
2  X  187.67 


=        K,COi 

Potassium 
Carbonate. 
188 


+ 


5C 

Carbon. 


+ 


200, 

Carbonic 
Acid  Gas. 


+ 


5H,0 
Water. 


+ 


H,0 

Water. 


HjSO*        +        K,CO,        =        KjSOi        +        COj 

Sulphuric  Pota.<wium  Potassium  Carbonic 

Acid.  Carbonate.  Sulphate.  Aci4  Gas. 

97.82  138 

1000  Ca.  —  y.  S.  containing  48.91  Gm.  of  Snlpbnric  Acidiseqaivalentto69  Gm.  of 
^  Potassium  Carbonate. 

ICkj.   '*     "  **  0.04891  Gm.ofSulpburicAcidisequivalentto.OeOGm. 

of  Potassiam  Carbonate. 

One  molecule  (138  parts)  of  Potassium  Carbonate  is  obtained 
from  two  molecules  (2  X  187.67  parts)  of  Potassium  Bitartrate, 
hence  one-half  of  a  molecule  (69  parts)  of  the  former  is  obtained 
from  one  molecule  (187.67  parts)  of  the  latter.  Then  each  1  Cc. 
of  normal  Sulphuric  Acid  V.  S.  is  equivalent  to  0.069  Gm.  Potas- 
sium Carbonate,  which  in  turn  represents  0.187  +  Gm.  Potassium 
Bitartrate. 


POTASSII    ET  SODII   TaRTRAS. 
t2(KNaC4H,0. 4-  4H,0)      =      2KNaC0, 


+ 


Rochelle  Salt 
2X281J( 


Potassium 
Sodium 

Carbonate. 
2X  122 


5C 
CarboD. 


+ 


CO, 

Carbonic 
Acid  Gas. 


+ 


KNaCOs 

Potassium 

Sodium 

Carbonate. 

122 


+ 


H,S04 

Sulphuric 
Acid. 
97.82 


KNaSO^ 

Potassium 
Sodium 
Sulphate. 


+        CO, 

Carbonic 
Acid  Gas. 


+ 


12H,0 

Water. 


H,0 

Water. 


1000  Cc.  (^  y.  S.)  containing  48.91  Gm.  of  Sulphnric  Acid  are  eqnivalent  to 

61  Gm.  of  Potassium  Carbonate. 
1  Cc.    '*      "  ''  0.04891  Gm.  of  Salphuric  Acid  is  eqnivalent  to 

0.061  Gm.  Potassium  Carbonate. 


One  molecule  (122  parts)  of  Potassium  Sodium  Carbonate  is 
obtained  from  one  molecule  (281.5  parts)  of  Rochelle  Salt*  Then 
each  1  Cc.  of  normal  Sulphuric  Acid  V.  S.  is  equivalent  to  0.061 
Gm.  Potassium  Sodium  Carbonate,  which  in  turn  represents 
0.1407  +  Gm.  of  Rochelle  Salts. 


*The  reaction  may  also  be  written  thus: 
2KHC4H40«        +       50s 

fThe  reaction  may  abo  be  written  thus : 
2KNaC4H406.4H|0        +       50s 


K/X)s       +       7C0s       +       5Ht0. 


=       2KNaC0s       +       6C0i 


12Ht0 
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SoDii  Benzoas. 

2NaC,H50,      +      50,= 

Na,CO,      + 

5H,0 

+      SCO,      +      50, 

Sodium                    Oxygen. 

Sodium 

Water. 

Carbonic           Cartx>n. 

Benxoate. 

Carbonate. 

Add  Gas. 

2  X  143.71 

188 

H,S04        +        Na,CO, 

97.82                                 138 

=        Na,S04 

+ 

CO,         +         H,0 

One  Co.  of  normal  Sulphuric  Acid  V.  S.  containing  0.04891  Gm. 
of  Acid  is  equivalent  to  0.069  Gm.  of  Sodium  Carbonate. 

One  molecule  (138  parts)  of  Sodium  Carbonate  is  obtained  from 
two  molecules  (2  X  143.71  parts)  of  Sodium  Benzoate,  or  one-half 
of  a  molecule  (69  parts)  of  thie  former  is  equivalent  to  one  mole- 
cule (143.71  parts)  of  the  latter. 

Then  1  Cc.  of  normal  Sulphuric  Acid  V.  S.  is  equivalent  to 
0.069  Gm.  of  Sodium  Carbonate,  which  in  turn  represents  0.1437 
+  Gm.  of  Sodium  Benzoate. 

(4)  Normal  Hydrochloric  Acid  Solution  is  made  after  the 
same  principle  and  is  in  every  respect  equivalent,  in  neutralizing 
power,  to  normal  Sulphuric  Acid.  It  may  be  employed  in  all 
instances  given  under  the  latter. 

HA04  +  2H,0  =  H,S04  =  2Ha 

Oxalic  Acid.  Sulphuric  Acid.  Hydrochloric  Acid. 

125.7  97.8S  2  X  36.87 

1  L.  of  ^  y.  S.  containing  62.85  Om.  Oxalic  Acid  =  1  L.  containing  48.91  6m.  of 

^  H,S04. 

1  Cc.     "     **  **  0.06285  Gm.  Oxalic  Acid  =  1  Cc.  containing  0.4891  Gm. 

of  H,SO,. 
1  L.  of  .  Sulphnric  Acid  =  1  L.  containing  36.37  Gm.  Hydrochloric  Acid. 

ICc"*^  *'  "    =lCc         "  0.03637  Gm.         "  " 

(5)  Normal  Potassium  Hydrate  Volumetric  Solution. 

KOH  =  55.99.  65.99  Gm.*  in  1  Liter. 

"  Dissolve  75  Gm.  of  potassium  hydrate  [Po^os^a,  U.  S.  P.]  in 
enough  water  to  make,  at  or  near  15°  C.  (59*  F.),  about  1050  Cc., 
and  fill  a  burette  with  a  portion  of  this  liquid. 

Put  0.6285  Gm.f  of  pure  oxalic  acid  into  a  flask  of  the  capacity 
of  about  100  Cc,  ana  dissolve  it  with  about  10  Cc.  of  water. 
Add  a  few  drops  of  phenolphtalein  T.  S.,  and  then  carefully  add, 
from  the  burette,  the  potassium  hydrate  solution,  frequently 
agitating  the  flask,  and  regulating  the  flow  to  drops  toward  the 
end  of  the  operation,  until  the  rea  color  produced  by  the  influx 
no  longer  disappears  on  shaking,  but  is  not  deeper  than  pale  pink. 
Note  the  number  of  Cc.  of  the  potassium  hydrate  solution  con- 
sumed, and  then  dilute  the  remainder  of  the  solution  so  that 
exactly  10  Cc.  of  the  diluted  liquid  shall  be  required  to  neutralize 
0.6285  Gm.f  of  oxalic  acid. 

Example. — Assuming  that  8.0  Cc.  of  the  stronger  solution  of 
potassium  hydrate  first  prepared  had  been  consumed  in  the  trial, 

•"  This  figure  is  frequently  rounded  off  to  M  Gm." 

t  Tills  figure  may  be  rounded  off  to  0.63  Gm.,  if  a  delicate  balaaoe  and  exact  w^bts  are  not 
ayailable. 
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then  each  8.0  Cc.  must  be  diluted  to  10  Co.,  or  the  whole  of  the 
remaining  solution  in  the  same  proportion.  Thus,  if  1000  Cc. 
should  be  still  remaining,  this  must  be  diluted  with  water  to 
1250  Cc. 

After  the  liquid  is  thus  diluted,  a  new  trial  should  be  made  in  the 
manner  above  described,  in  which  10  Cc.  of  the  diluted  solution 
should  exactly  neutralize  0.6286  Gm.*  of  oxalic  acid.  If  necessary, 
a  new  adjustment  should  then  be  made  to  render  the  correspona- 
ence  perfect. 

Note, — Solutions  of  caustic  alkalies  are  very  prone  to  absorb 
carbon  dioxide  from  the  atmosphere,  and  thereby  become  liable 
to  occasion  errors  when  used  with  litmus  T.  S.  or  phenolphtalein 
T.  S.  as  indicators  (methyl-orange  T.  S.  is  not  affected  by  the 
presence  of  carbonic  acid).  Hence  the  volumetric  solutions 
should  be  preserved  in  small  vials  provided  with  well-fitting 
corks  or  rubber  stoppers,  or,  better  still,  they  should  have  tubes 
filled  with  a  mixture  of  soda  and  lime  attached  to  their  stoppers, 
so  as  to  absorb  the  carbon  dioxide  and  prevent  its  access  to  the 
solution. 

In  place  of  potassium  hydrate  V.  S.,  sodium  hydrate  V.  S.  may 
be  used,  in  the  same  manner  and  in  the  same  quantity.  Potassium 
hydrate  V.  S.,  however,  is  preferable,  since  it  foams  less,  and 
attacks  glass  more  slowly  and  less  energetically." 

One  Cubic  Centimeter  of  Normal  Potasiium  Hydrate  V,S,  is  the  equivalent  of: 

Gramme. 

Potassinm  Hydrate,  KOH 0.05599 

Sodium  Hydrate,  NaOH 0.03996 

Ammonia  Gaa,  NH, 0.01701 

Ammonium  Chloride,  NH4CI 0.05338 

Acetic  Acid,  absolute,  HC,H,Oa 0.05986 

Citric  Acid,  crystallized,  HjCeHsO,  +  H,0 0.06983 

Hydrobromic  Acid,  absolute,  HBr 0.08076 

Hydrochloric  Acid,  absolute,  HCl 0.03637 

Hydriodic  Add,  absolute,  HI 0.12763 

Hypophosphorous  Acid,  HPH,0, 0.06588 

Lactic  Acid,  absolute,  HCsHjO, 0.08979 

Nitric  Acid,  absolute,  HNO« 0.06289 

Oxalic  Add,  crystallized,  Hfifit  -f  2H,0 0.06285 

Phosphoric  Add,  HjiPO^ 

(to  form  K,HP04 ;  with  phenolphtalein),      0.0489 

Phosphoric  Add,  HsPO^ 

(to  form  KH,P04;  with  methyl-orange), 0.0978 

Potassium  Dichromate,  K,Cr.jO, 0.14689 

Sulphuric  Acid,  absolute,  H^SOi 0.04891 

Tartaric  Acid,  crystallized,  UfitRfit 0.07482 

ACIDIMETRY. 

The  necessary  amount  of  fluid  (acid)  should  be  weighed  off  in 
a  tared  and  stoppered  weighing  flask,  in  order  to  avoia  injury  or 
corrosion  of  the  balances.     It  is  not  always  advisable  to  attempt 

*Th{B  figure  may  be  rounded  off  to  0.63  Gm.,  if  a  delicate  balance  and  exact  weights  are  not 
ayailable. 
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to  weigh  off  a  definite  amount  of  the  fluid,  as  this  is  attended 
with  considerable  difficulty.  It  is  better  to  measure  a  quantity  of 
the  fluid,  by  means  of  a  pipette,  into  a  flask  and  then  weigh  the 
amount.  The  amount  of  acid  selected  depends  upon  its  strength. 
For  this  purpose  the  Pharmacopoeia  tabulates  a  list  of  various 
acids,  stating  the  amount  to  be  taken.  Any  weight  approxi- 
mately near  that  given  may  be  selected.  It  is  best  to  avoid  taking 
large  amounts  of  the  acids,  as  this  would  result  in  the  useless 
waste  of  a  lar^e  volume  of  the  standard  alkali  solution. 

After  weighmg  off  the  acid,  the  contents  of  the  weighing  flask 
are  carefully  rinsed  out  into  a  beaker  or  other  flask  preparatory  to 
titrating.  Then  a  few  drops  of  the  indicator  are  added,  and  titra- 
tion carried  out  with  normal  alkali  solution  until  the  fluid  turns 
faint  rose  red  (with  phenolphtalein),  or  blue  (with  litmus),  or 
yellow  (with  methyl-orange),  or  faint  violet  red  (with  rosolic 
acid),  etc. 

The  following  equations  will  explain  the  various  equivalents  of 
the  acids. 

(a)    KOH        +        Ha        =        Ka        +        H,0 

65.9  36.37 

0.0559  Gm.  of  Potafisiam  Hydrate  (1  Cc.)  are  equivalent  to  0.03637  6m.  of  abaolate 
Hydrochloric  Acid. 

(h)    KOH        +        HCjHjO,        =        KC,H,0,        +        H,0 

65.9  59.86 

0.0559  Gm.  of  Potassiam  Hydrate  (1  Gc.)  are  equivalent  to  0.05986  Gm.  of  absoLate 
Acetic  Acid. 

(c)    2K0H  +  H,804  =  K^O*  +  2H,0 

2  X  55.9  97.82 

55.9  p.  ==  48.91  p. 

0.0559  Gm.  of  Potassiam  Hydrate  (1  Gc)  are  equivalent  to  0.04891  Gm.  of  absolute 
Sulphuric  Acid. 

(d)    2K0H  +  H,C4H40,  =  K^C^HA  +  2H,0 

2  X  55.9  149.64 

55.9  p.    =    74.82  p. 

0.0559  Gm.  of  Potassium  Hydrate  (1  Cc.)  are  equivalent  to  0.07482  Gm.  of  crys- 
tallized Tartaric  Acid. 

(e)    3K0H  +  HjCHsOt  +  H,0  =  K.QHA  -f  4H,0 

3  X  55.9  209.5 

55.9  p.     =    69.83  p. 

0.0559  Gm.  of  Pota<«ium  Hydrate  (1  Cc.)  are  equivalent  to  0.06983  Gm.  of  crystal- 
lized Citric  Acid. 

{/)    2K0H  +  HjPO*  =  KjHPO*  +  2H,0 

2  X  55.9  97.8 

55.9    »    48.9 

In  the  case  of  phosphoric  acid,  with  phenolphtalein  as  indi- 
cator, neutralization  is  attained  when  potassium  orthophosphate 
(K2HPO4)  is  formed,  which  requires  two  molecules  of  alkali. 

0.0559  Gm.  of  Potassium  Hydrate  (1  Cc.)  are  equivalent  to  0.0489  Gm.  of  Phos- 
phoric Acid. 

{g)    KOH  +  H5PO4  =  KH^PO*  +  H,0 

55.9  97.8 

With  methyl-orange  as  indicator,  neutralization  is  attained 
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when  acid  potassium  phosphate  (KH2PO4)  is  formed,  which 
requires  one  molecule  of  alkali. 

0.0559  Gm.  of  Potassium  Hydrate  (1  Gc.)  are  eqnivalent  to  0.0978  Gm.  of  Phos- 
phoric Acid. 

(6)  Centinormal  Potassium  Hydrate  V.  S.  containing  .0.5599 
Gm.  to  the  liter,  or  0.0005599  Gm.  to  the  cubic  centimeter,  is 
employed  in  conjunction  with  dednormal  sulphuric  acid  V.  S. 
(contaming  0.004891  Gm.  in  the  cubic  centimeter)  in  the  estima- 
tion of  total  alkaloids  in  Extract  of  Nux  Vomica. 

10 Cc.  ^Potassium  Hydrate  (0.005599 Gm.)  is eqaivaient to  ICc   ^    Snlphoric 
Acid  (0.004891  Gm.). 

Deci  and  centinormal  solutions  are  employed  for  the  determina- 
tion of  minute  quantities  of  acids  or  alkalies.  Because  of  their 
great  dilution,  we  are  enabled  to  measure  off  volumes  representing 
exceedingly  small  quantities  of  the  actual  reagent,  which  under 
ordinary  circumstances,  would  be  impossible  with  a  burette  of 
the  usual  graduations.  Since  the  solutions  are  very  dilute,  an 
error  of  a  tenth  or  fifth  of  a  cubic  centimeter  would  not  afiFect  the 
result,  which  would  be  the  case,  however,  were  we  to  employ  a 
normal  solution  which  is  100  times  as  strong. 

Standard  Solution  op  Silver  Nitrate. 
The  U.  S.  Pharmacopoeia  gives  the  following  directions : — 

(7)  Decinormal  Silver  Nitrate  Volumetric  Solution. 

AgNO,  =  169.65.        16.955  Gm.»  in  1  Liter. 

Dissolve  16.955  Gm.*  of  pure  silver  nitrate  in  enough  water  to 
make,  at  or  near  15°  C.  (59°  F.),  exactly  1000  Cc. 

Keep  the  solution  in  small,  dark  amber-colored,  glass-stoppered 
vials,  carefully  protected  from  dust. 

Note. — Titration  by  decinormal  silver  nitrate  V.S.  may  be 
managed  in  various  ways,  adapted  to  the  special  preparation  to 
be  tested. 

a.  In  most  cases  it  is  directed  by  the  U.  S.  P.  to  be  used  in 
presence  of  a  small  quantity  of  potassium  chromate  T.  S.,  which 
serves  to  indicate  the  end  of  the  reaction  by  the  appearance  of  the 
red  color  of  silver  chromate. 

b.  In  some  cases  (potassium  cyanide,  hydrocyanic  acid)  it  is 
added  until  the  first  appearance  of  a  permanent  precipitate. 

One  Cubic  Centimeter  of  Decinormdt  Silver  Nitrate  V.  S.  is  the  equivalent  of: 

Gramme. 
Silver  Nitrate,  AgNO, 0.016955 

Ammoniam  Bromide,  NH^Br 0.009777 

Ammoninm  Chloride,  NH4CI 0.005338 

Calcium  Bromide,  CaBr, 0.0099715 

Ferrons  Bromide,  FeBr, 0.010770 

Ferrous  Iodide, Felg 0.015447 

*  "  Frequently  rounded  off  to  16.96  Gm.,  when  a  delicate  balance  and  exact  weights  are  not  available.'* 


430  HANDBOOK  OF  PHARMACY, 

Oranvnve, 

Hydrocyanic  Acid,  abaolate,  HCN,  with  indicator, 0.002698 

Hydrocyanic  Acid,  absolute,  HCN,  to  first  formation  of  pre- 
cipitate,      0.005396 

Hydriodic  Acid,  HI 0.012753 

Hydrobromic  Acid,  HBr 0.008076 

Lithium  Bromide,  LiBr      0.008677 

Potaasium  Bromide,  KBr 0.011879 

Potassium  Chloride,  KCl 0.007440 

Potassium  Cyanide,  KCN  with  indicator, 0.006501 

Potassium  Cyanide,  KCN,  to  first  formation  of  precipitate,  .  0.013002 

Potassium  Iodide,  KI      0.016556 

Potassium  Snlphocyanate,  KSCN 0.009699 

Sodium  Bromide,  NaBr      0.010276 

Sodium  Chloride,  NaQ 0.005837 

Sodium  Iodide,  Nal 0.014953 

Strontium  Bromide,  SrBr,  (anhydrous), 0.012341 

Strontium  Iodide,  Sri,  (anhydrous), 0.017018 

Zinc  Bromide,  ZnBrj      0.011231 

Zinc  Chloride,  Zna,       0.006792 

Zinc  Iodide,  Znlj 0.015908 

Exercise, — An  unknown  quantity  of  pure  sodium  chloride  was 
dissolved  in  water  in  a  beaker,  a  few  drops  of  potassium  chromate 
were  added  to  impart  a  yellow  color,  then  the  silver  solution  was 
slowly  run  in,  under  constant  stirring,  until  the  last  drop  caused 
the  solution  to  turn  permanently  pale  reddish  (silver  chromate) ; 
30  Cc.  of  silver  solution  were  required.  How  much  sodium 
chloride  was  present? 

(a)    AgNO,  +  Naa  =         AgCl         +  NaNO, 

SilTer  Nitrate.  Sodium  Chloride.         SiWer  Chloride.  Sodium  Nitrate. 

169.65  68.37 

1000  Cc.  (wiV.S.)  containing  16.955       Gm.  of  Silver  Nitrate  are  equivalent  to 

5.837  Gm.  of  Sodium  Chloride. 
1  Cc.  **  "  0.016955    **     of  Silver  Nitrate  is  equivalent  to 

0.005837  Gm.  of  Sodium  Chloride. 

30  Cc.  Silver  Nitrate  =  30  X  0.005837  =  0.175  -h  Gm.  of  Sodium  Chloride. 

Potassium  Bromide.  • 

(6)    AgNO,        4-        KBr         =        AgBr         +        KNO, 

169.55  118.8 

1000  Cc.  (^  V.  S  )  containing  16.955  Gm.  Silver  Nitrate  are  equivalent  to  11.88 
^^  Gm.  Potafisium  Bromide. 

ICc.   **      "  "  0.01695  Gm.  Silver  Nitrate  is  equivalent  to  0.0118 

Gm.  Potassium  Bromide. 

Hence  each  cubic  centimeter  of  the  decinormal  silver  nitrate  V. 
S.  is  equivalent  to  0.01188  Gm.  of  Potassium  Bromide. 

The  other  halogen  salts  are  estimated  in  the  same  manner. 
The  halogen  acids  (HI  or  HBr)  must  be  first  neutralized  with  an 
alkali  (see  Syrupus  Acidi  Hydriodici,  page  278V 

Ferrous  Iodide  cannot  be  estimated  directly  like  the  above 
halogen  salts,  because  the  indicator,  potassium  chromate,  reacts 
with  the  ferrous  salt  (see  Syrupus  Ferri  lodidi,  page  281);  hence 
we  have  recourse  to  another  method,  known  as  Volhard's,  which 
is  equally  applicable  to  the  estimation  of  all  halogens. 
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(7)  Volhard's  Method. 

This  is  applicable  where  the  chromatic  indicator  cannot  be  used. 
It  may  also  be  used  in  the  presence  of  nitric  acid,  thus  enabling 
us  to  estimate  chlorides  in  the  presence  of  phosphoric  or  other  acids 
which  precipitate  silver  in  neutral  solution.  The  method  depends 
upon  entirely  precipitating  the  halogen,  in  the  presence  of  nitric 
acid,  by  a  known  excess  of  standard  solution  of  silver,  then  esti- 
mating the  excess  of  silver  left  uncombined  with  the  halogen,  by 
a  standard  solution  of  potassium  (or  ammonium)  sulphocyanate,* 
using  a  drop  or  so  of  ferric  ammonium  sulphate  as  indicator.  As 
soon  as  the  sulphocyanate  has  precipitated  all  of  the  silver  excess, 
it  strikes  a  blood-red  color  with  the  ferric  salt,  due  to  the  forma- 
tion of  ferric  sulphocyanate.  The  difference  between  the  volume 
of  standard  silver  solution  originally  added,  and  that  of  the 
sulphocyanate  used,  will  give  the  number  of  cubic  centimeters  of 
silver  equivalent  to  the  chloride  present. 

Estimation  of  Hydrocyanic  Acid. 

(a)  To  First  Formation  of  a  Precipitate. 

The  hydrocyanic  acid  is  weighed  oflF,  diluted  with  water,  and 
solution  of  sodium  hydrate  added  until  the  liquid  is  strongly 
alkaline,  as  shown  by  litmus  paper  or  solution.  Then  decinormal 
silver  nitrate  solution  is  slowfy  dropped  in  with  constant  agitation 
until  a  faint  permanent  cloud  of  silver  cyanide  (AffCN)  is  produced. 
If  during  the  operation,  the  litmus  becomes  red,  more  of  the  so- 
dium hydrate  must  be  added  until  the  indicator  shows  a  blue  tint. 

The  reaction  is  as  follows : — 

2HCN        -h        2NaOH        =        2NaCN        -f        2H,0 

Hydrocyanic  Acid.      Sodium  Hydrate.        Sodium  Cyanide.  Water. 

2  X  26.98  2  X  49 

The  sodium  hydrate  is  added,  to  prevent  the  liberation  of  free 
nitric  acid  which  would  prevent  the  silver  cyanide  from  pre- 
cipitating : — 

2NaCN        +        AgNO,        =        AgCN.NaCN        +        NaNOj 

Sodium  Cyanide.  Silyer  Nitrate.  Doable  Cyanide  of  Silyer        Sodium  Nitrate. 

2  X  49  169.55  and  Sodium. 

Two  molecules  of  Hydrocyanic  Acid  (53.96  parts)  are  eqnivalent  to  one  molecale  of 

Silver  Nitrate  (169.55  parts). 
Or  5. 396     parts  of  Hy d rocyanic  Acid  are  eqai valent  to  1 6. 955  xiarts  of  Si  1  ver  Nitrate. 
Or0.00o396       "  **  "        **  "  **    0.016956   **         "  " 

Therefore  1  Cc.  of  -—  Silver  Nitrate  V.  S.  (containing  0.016955  Gm.  of  the  salt) 

is  equivalent  to  0.005396  Gm.  of  Hydrocyanic  Acid. 

•  KSCN        +       AgNO,       =       AgSCN        +        KNOg 

Potassium  Silver  Silver  Potassium 

Sulphocyanate.  Nitrate.  Sulphocyanate.         Nitrate. 

96.99  169.55 

Potassium  Sulphocyanate,    9.699  Gm.       =  16.955  Gm.  (1000  Cc  —  V.  S.)  Silver  Nitrate. 

"  "  0.009699  Gm.  =    0.016955  Gm.  (1  Cc.  ^  V.  S.)     "  " 

Then  1  Cc.  of  the  Sulphocyanate  solution  (containing  0.009699  Gm.  of  the  salt)  is  equivalent  to  1  Gc. 
of  the  Silver  Nitrate  Solution  (containing  0.016955  Gm.  of  the  salt). 
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(6)  Estimation  with  Indicaior. 

The  Pharroacopoeia  directs  that  sufficient  magnesia  paste  be 
added  to  the  weigned  and  diluted  acid  to  impart  an  opaque  milk- 
iness  to  the  liquid.  This  serves  to  neutralize  the  acid  as  well  as 
to  afford  a  better  opportunity  to  distinguish  the  red  color  (silver 
chromate)  which  indicates  the  end  point  of  the  reaction,  potassium 
chromate  being  the  indicator. 

The  reaction  is  the  same  as  in  the  preceding : — * 

2NaCN        +        AgNQs        =        AgCN.NaCN        +        NaNO, 

Sodium  Cyanide.  Silyer  Nitrate.         Double  Cvanide  of  Silver       Sodium  Nitrate. 

aod  Sodium. 

AgCN.NaCN    4-    AgNO^    =    2AgCN    +    NaNO, 

2NaCN  or  2HCN  are  then  eqnivaleDt  to  2AgN0, 

2  X  49       2  X  26.96  2  X  169.65 

49     parts  of  Sodiam  Cyanide  or  26.  OS   parts  of  Hydrocyanic  acid  are  equivalent 

to  169.55  parts  of  Silver  Nitrate, 
or  4.9  parts  of  Sodium  Qyanide  or   2.696  parts  of  Hydrocyanic  acid  are  equivalent 

to  16.955  parts  of  Silver  Nitrate. 

N 

1000  Cc.  of  —  silver  solution  containing   16.955  Gm.  AgNOg 

are  equivalent  to  4.9  Gm.  of  sodium  cyanide,  which  is  equivalent 

to  2.698  Gm.  of  hydrocyanic  acid.    Therefore  1  Cc.  of  ^   silver 

solution  (0.016955  Gm.  of  the  salt)  is  equivalent  to  0.002698  Gm. 
of  hydrocyanic  acid. 

Potassium  Cyanide  is  estimated  in  the  same  manner  and  sub- 
jected to  the  same  reactions  as  given  above. 

(8)  Decinormal  Iodine  Volumetric  Solution. 

I  =  126.53  12.653  Gm.f  in  1  Liter. 

Dissolve  12.653  Gm.  of  pure  iodine  in  a  solution  of  18  Gm.  of 
pure  potassium  iodide  in  300  Cc.  of  water ;  then  add  enough  water 
to  make  the  solution  measure,  at  or  near  15*^  C.  (59°  C),  exactly 
1000  Cc. 

The  potassium  iodide  plays  the  part  of  a  solvent  for  the  iodine. 

One  Cubic  Centimeter  of  Decinormal  Iodine  V.  8,  is  the  equivalent  of: 

Oramme. 
Iodine,  I 0.012653 

Arsenic  Trioxide(arBenon8 acid),  AsjO, 0.004942 

Potassiam  Sulphite,  crystallized,  K,SO,  +  2H,0 0.009692 

Sodium  Bisulphite,  NaHSO^ 0.005193 

Sodium  Hyposulphite  (Thiosulphite)   crystals,    Na^Os+ 

5H,0 0.024764 

Sodium  sulphite,  crystaUized,  NajSO,  +  7H,0 0.012579 

Sulphur  Dioxide,  SO, 0.003195 

Antimony  and  Potassium  Tartrate,  ciystals,  2K(SbO)C|H40e- 

-f  H,0 0.01656. 

*  For  the  sake  of  uniformity  and  clearness  sodiam  is  retained  in  the  explanatory  formula  instead 
of  magnesium. 

fMay  be  rounded  off  to  12.65  Gm. 
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(a)  Estimation  of  Arsenous  Oxide. 

The  arsenous  oxide  is  weighed  off  and  dissolved  in  boiling 
water  with  the  aid  of  sodium  bicarbonate.  The  solution  is  al- 
lowed to  cool,  some  starch  paste  added,  and  iodine  solution  run  in 
until  a  faint,  permanently  blue  color  is  obtained.  The  addition 
of  iodine  toarsenoti^  acid  in  alkaline  solution  causes  its  oxidation 
to  arsenic  acid,  the  iodine  being  thereby  converted  into  hy- 
driodic  acid,  with  disappearance  of  color.  As  soon  as  all  of  the 
arsenoi*^  acid  is  oxidized  to  arsenic  acid,  the  next  drop  of  iodine 
(being  free)  will  strike  a  blue  color  with  the  starch. 

The  excess  of  sodium  bicarbonate  serves  the  purpose  of  com- 
bining with  the  liberated  hydriodic  acid,  which,  if  present  in  free 
condition,  would  interfere  with  the  reaction : — 

A8,0,     -f    41    4-    4NaHC0,     =     As^Os    +    4NaI     +    4C0,    -f    2H,0 

Arsenous        Iodine.  Sodium  Arsenic  Sodium         Carbonic  Water. 

Oxide.        4  X  126US        Bicarbonate.  Oxide.  Iodide.  Acid  Gas. 

197.68 

Since  four  molecules  of  iodine  (4  X  126.5)  are  necessary  to 
oxidize  one  molecule  (197.68)  of  arsenoiw  to  arsenic  oxide,  hence, 
one  atom  of  iodine  is  equivalent  to  one-fourth  of  a  molecule  of 

arsenous  oxide  : iodine.  Arsenous  Oxide. 

126.5  p., 49.42  p. 

1000  Cc.  -^  V.  S.  containing 12.65  Gm., 4.942  Gm. 

ICc.         "  **  0.01266  Gm.,       0.004942  Gm. 

Therefore  each  Cc.  of  ^  Iodine  Solution  is  eqnivalent  to  0.004942  Gm.  Arsenous 
Oxide. 

(6)  Estimation  of  Sulphurous  Acid,  Free  and  in  Sulphites, 

The  acid  or  sulphite  is  largely  diluted  with  water,  starch  paste 
added,  then  iodine  solution  added  until  a  faint  permanent  blue 
appears.  The  sulphurous  oxide  or  sulphite  undergoes  oxidation 
to  sulphuric  acid  or  to  sulphate,  and  the  iodine  is  thereby  con- 
vertea  into  hydriodic  acid  according  to  the  equation : — 

I,        +        H,0        +        SO,.H,0        =        HjSO^        +        2HI 

Iodine.  W&ter.  Sulphurous  Acid.  Sulphuric  Hydriodic 

2X126.5  68  90(SOi)  Acid.  Acid. 

126.5  part«  are  equivalent  to  .  .   81.95  parts. 

1000  Cc.  r^  v.  S.  containing  12.65  Gm.  Iodine  areeqniyalent  to  3.195  Gm.  of  Sul- 
phurous Oxide. 
1  Cc  ''  ''  0.01265  Gm.  Iodine  is  equivalent  to  0.003195  Gm.  of 

Sulphurous  Oxide. 

(c)  Estimation  of  Hyposulphites  {Thiosidphates). 
The  equation  is  as  follows : — 

21        +        2(Na,S,Os.5H,0)        =        2NaI        +        Na^A        +        10H,O 
Iodine.  Sodium  Hyposulpnite.  Sodium  Sodium  Water. 

2  X  126.5  2  X  247.64  Iodine.  Tetrathionate. 

126.6  parts  are 

eouiyalent  to    247.64  parts. 

1000  Cc.  yq  ^'  3-  containing  12.65  Gm.  Iodine  are  equivalent  to  24.764  Gm.  of 

Sodium  Hyposulphite. 
1  Cc.  "  ''  0.01265  Gm.  Iodine  is  equivalent  to  0.024764  Gm. 

of  Sodium  Hyposulphite. 

28 
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(9)  Decinormal  Sodium  Hypobulphitb  Volumetric  Solution. 

NaAQj  +  5H,0  =  247.64.    24.764  Gm.  in  1  Liter. 

This  solution  is  standardized  by  means  of  decinormal  iodine 
V.  S. 

"  Dissolve  30  Gm.  of  selected  crystals  of  sodium  hyposulphite 
(sodium  thiosulphate)  in  enough  water  to  make,  at  or  near  15°  C. 
(59°  F.),  1100  Cc.  Of  this  solution  transfer  10  Cc.  into  a  flask, 
add  a  few  drops  of  starch  T.  S.,  and  then  cradually  add,  from  a 
burette,  decinormal  iodine  V.  S.,  in  small  portions  at  a  time, 
shaking  the  flask  after  each  addition,  and  regulating  the  flow  to 
drops  toward  the  end  of  the  operation.  As  soon  as  the  color 
produced  by  the  influx  of  the  iodine  solution  no  longer  dis- 
appears on  shaking,  but  is  not  deeper  than  very  pale  blue,  note 
the  number  of  Cc.  of  the  iodine  solution  consumed.  Then  dilute 
the  sodium  hyposulphite  solution  so  that  equal  volumes  of  it  and 
of  decinormal  iodine  V.  S.  will  exactly  correspond  to  each  other 
under  the  conditions  mentioned  above. 

Example. — Assuming  that  10  Cc.  of  the  stronger  sodium  hypo- 
sulphite solution  first  prepared  had  required  10.7  Cc.  of  deci- 
normal iodine  V.  S.  to  produce  a  faint  reaction  with  starch,  the 
hyposulphite  solution  must  be  diluted  in  the  proportion  of  10  Cc. 
to  10.7  Cc.,  or  1000  Cc.  to  1070  Cc. 

After  the  solution  is  thus  diluted,  a  new  trial  should  be  made 
in  the  manner  above  described,  in  which  50  Cc.  of  the  decinormal 
sodium  hyposulphite  V.  S.  should  require  exactly  50  Cc.  of  deci- 
normal iodine  V.  S.  to  produce  a  faint  reaction  with  starch.  If 
necessary,  a  new  adjustment  should  then  be  made  to  render  the 
correspondence  perfect. 

Keep  the  solution  in  small,  dark  amber- colored,  glass-stoppered 
bottles,  carefully  protected  from  dust. 

Note. — When  this  solution  is  to  be  used,  fill  a  burette  with  it, 
place  the  liquid  to  be  tested  either  for  the  free  iodine  it  already 
contains,  or  for  that  which  it  liberates  from  an  excess  of  potassium 
iodide  added  to  it,  into  a  flask,  and  gradually  add  small  portions 
of  the  solution  from  the  burette,  shaking  after  each  addition,  and 
regulating  the  flow  to  drops  towards  the  end  of  the  operation, 
until  the  brown  color  of  the  iodine  has  nearly  disappeared.  Now 
add  a  few  drops  of  starch  T.S.,  which  will  produce  a  blue  color, 
and  then  continue  to  add  the  hyposulphite  solution  in  drops 
until  the  blue  tint  is  exactly  discharged." 

One  Cubic  Centimeter  of  Decinormal  Sodium  Hypamtphite  V.  8,  is  the  equivalent  of: 

Oramme. 

Sodiam  Hyposulphite  (Thiosulphate),  Na,S,0,+5UaO  .   .  0.024764 

Bromine,  Br 0.007976 

Chlorine,  CI 0.003637 

Iodine,  I 0.012653 

Iron,  Fe,  in  ferric  salts, 0.005588 
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(a)  Estimation  of  Free  Iodine. 

A  quantity  of  Iodine  is  weighed  off,  and  by  aid  of  potassium 
iodide  dissolved  in  water.  Then  the  hyposulphite  solution  is 
added,  under  constant  stirring,  until  the  solution  has  paled  to  a 
yellowish  tint.  A  little  starch  paste  is  now  added,  and  the  addi- 
tion of  the  hyposulphite  continued  in  drops  until  the  blue  color 
just  disappears. 

Then  according  to  the  equation : — 

2(NaAOB.5H,0)         +  21     =     2NaI        +        NajSA        -f        10H,O 

Sodiom  HvpoBulphite.  Iodine.  Sodium  Sodium  Water. 

2  X  ^47.64  2  X  126.S  Iodide.  Teirathiobate. 

247.64  parts  are  equiyalent  to  126.5  parts. 

1000  Cc.  ^  y.  S.  containing  24.764  Gm.  Sodiam  Hyposulphite  are  eqaivalent  to 
*®  12.65  Gm.  Iodine. 

1  Cc.  "     "  ''  0.024764  Gm.  Sodium  Hyposulphite  is  equivalent  to 

0.01265  Gm.  Iodine. 

(6)  Estimation  of  Free  Chlorine  or  Bromine. 

This  process  is  adapted  to  all  substances  containing  free  Chlo- 
rine or  Bromine.  (See  also,  Aqua  Chlori,  page  223.)  The  sub- 
stance is  weighed  off  and  added  to  water  containing  a  slight  excess 
of  potassium  iodide,  whereupon  either  the  chlorine  or  bromine 
liberates  an  equivalent  quantity  of  iodine  from  the  potassium 
iodide,  which  in  turn  is  estimated  by  means  of  the  hyposulphite 
solution  as  directed  above : — 

2a        +        2KI        =        2Ka        +        21 

Chlorine.  Potassium  Potassium  Iodine. 

2  X  S5.37  Iodide.  Chloride.  2  X  128.5 

36.37     parts  of  01  are  equiralent  to 126.6      parts  of  L 

3  687        "      "  *'     "  "  "  12.65  "     "  " 

0  003537  •'      "  "    «*  u         "'.','.'.'.'.'.'..     0.01265    "      "  ** 

Since  1  Cc.  of  decinormal  Sodium  Hyposulphite  solution 
(0.024764  Gm.  of  the  salt)  is  equivalent  to  0.01265  Gm.  of  iodine, 
and  as  this  is  equivalent  to  0.003537  Gm.  of  Chlorine,  hence  1  Cc. 
of  decinormal  sodium  hyposulphite  solution  is  equivalent  to 
0.003537  Gm.  of  Chlorine. 

On  this  same  principle  1  Cc.  of  decinormal  Sodium  Hyposul- 
phite solution  is  equivalent  to  0.007976  Gm.  of  bromine,  for — 

2Br        4-        2KI        ==        2KBr        +        21 

Bromine.  Potassium  Potassium  Iodine. 

2  X  79.76  Iodide.  Bromide.  2  X  126.5 

79.76        parts  of  Br.  are  equiyalent  to 126JS   parts  of  Iodine. 

0.007976  "         "  "  " 0.01266     *•         " 

(c)  Estimation  of  Iron  in  Ferric  Salts. 

A  suitable  quantity  of  the  iron  salt  or  solution  is  weighed  off 
and  added  to  water  contained  in  a  glass  stoppered  bottle.  To 
this  is  added  some  hydrochloric  acid  and  an  excess  of  potassium 
iodide  (which  must  be  absolutely  free  from  iodate).  The  mixture 
is  kept  for  half  an  hour  at  a  temperature  of  40°  C,  then  cooled, 
and  mixed  with  a  few  drops  of  starch  T.  S.    Decinormal  solution 
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of  sodium  hyposulphite  is  then  run  in  till  the  blue  color  of  the 
solution  is  discharged. 

The  ferric  chloride  causes  the  liberation  of  an  amount  of 
iodine  equivalent  to  the  amount  of  metallic  iron  present.  The 
ferric  is  reduced  to  ferrous  chloride.  The  hydrochloric  acid  added 
serves  to  prevent  the  solution  of  the  iodine  by  the  excess  of 
potassium  iodide  present.    The  reaction  is  as  follows : — 

Fe,Cl«    +    2KI    =    2FeCl,    +    2Ka    +    21 

Ferric  Potassium         Ferroas  Potjusium       Iodine. 

Chloride.  Iodide.  Chloride.  Chloride.       2  X  126.5 

2  X  M.8  (Fe) 

55.8        parts  of  Metallic  Iron  are  equivalent  to 126.5       parts  of  Iodine. 

0.00568         ••  *'  "      "  "  " 0.01265         "         " 

Since,  according  to  the  equation  c  (page  433),  1  Cc.  of  decinormal 
hyposulphite  solution  (containing  0.02476  Gm.  of  the  salt)  is 
equivalent  to  1  Cc.  of  decinormal  iodine  solution  (0.01265  Gm.), 
and  as  this  is  equivalent  to  0.00558  Gm.  metallic  iron,  hence  1 
Cc.  of  the  hyposulphite  solution  i^  equivalent  to  0.00568  "Gm.  of 
metallic  iron. 

(10)  Decinormal  Potassium  Dichromate  Volumetric  Solu- 
tion. 

KjCrA  =  293.78.        4.896  Gm.*  in  1  Liter. 

Dissolve  4.896  Gm.*  of  pure  potassium  dichromate  (see  below) 
in  enough  water  to  make,  at  or  near  15°  C.  (59°  F.),  exactly  1000 
Cc. 

If  the  potassium  bichromate  is  pure,t  it  is  directly  dissolved  as 
above  indicated.  If  not,  it  may  be  standardized  by  making  an 
estimation  upon  0.5  Gm.  of  pure  iron  (piano)  wire,  dissolved  in 
dilute  sulphuric  acid,  as  described  on  page  437  equation  a. 

When  used  with  phenolphtalein  as  indicator,  to  neutralize 
alkalies,  the  volumetric  solution  of  potassium  dichromate  is  deci- 
normal when  it  contains  14.689  Gm.  in  1  liter.  It  is  then  the 
exact  equivalent  of  any  decinormal  acid,  corresponding  to  the 
amounts  of  alkalies  quoted,  for  instance,  under  Decinormal  Oxalic 
Acid  V.  S. 

The  dichromate  is  equivalent  to  two  molecules  of  hydrochloric 
acid;  thus: — 

K,CrA  +  2Ha  =  2Ka  -|-  2CrOs  -h  H,0 

Hence  1  molecule  of  the  acid  is  equivalent  to  \  molecule  of  the 
bichromate  (K2C2O7  =  146.89).  The  decinormal  solution,  there- 
fore, is  made  to  contain  but  14.689  Gm. 

When  used  as  an  oxidizing  agent  to  convert  ferrous  into  ferric 
salts,  or  to  liberate  iodine  from  potassium  iodide,  the  solution  just 

*  "  Generally  rounded  off  to  4.9  Gm.,  when  a  delicate  balance  and  exact  weights  are  not  aTallable." 

fThe  Phannaoopoeia  specifies  that  Pun  I^>UuHum  DiehromaU  for  use  in  volumetric  analysis, 
liesides  responding  to  the  tests  given  in  the  text  of  the  Pharmaoopoela  (under  Potauii  Bichromtu), 
must  conform  to  the  fbllowing  tents.  In  a  solution  of  0.5  Gm.  of  the  salt  in  10  Cc.  of  water  roidered 
acid  br  0.5  Cc.  of  nitric  acid,  no  visible  chanee  should  be  nroduced  either  by  barium  chloride  T.  S. 
(absence  of  tulphate)^  or  by  silver  nitrate  T.  S.  (absence  or  chloride).  In  a  mixture  of  10  Cc.  of  the 
aqueous  solution  (1  in  20)  with  1  Cc.  of  ammonia  water,  no  precipitate  should  be  produced  by  ammo- 
nium oxalate  T.  S.  (absence  of  calcium). 
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mentioned  (containing  14.689  Gm.  in  1  liter)  has  the  eflfect  of  a 

~io  volumetric  solution,  and  a  solution  of  one-third  of  this  strength, 

containing  4.896  Gm.  in  1  liter,  has  the  value  of  a  decinormal 
solution. 

Upon  heating  1  molecule  of  the  bichromate  with  an  acid 
(H2SO4),  three  atoms  of  nascent  oxygen  are  liberated.    Thus : — 

These  three  atoms  of  oxygen  possess  the  power  to  convert  six 
atoms  of  iron  from  the  ferrous  to  the  ferric  state,  according  to  the 
equation — 

6FeO  +  Os  =  SFCaO, 

Therefore  each  molecule  of  the  dichromate,  yielding  three  atoms 
of  oxygen,  is  equivalent  to  six  atoms  of  hydrogen.  Hence,  accord- 
ing to  the  principle  expressed  on  page  413,  we  take  ^  of  the 
molecular  weight  of  a  decinormal  solution  of  the  bichromate  (^ 
of  29.378  =  4.896), 'thereby  reducing  it  to  the  valency  correspond- 
ing to  one  atoni  of  replaceable  hydrogen. 

As  a  decinormal  solution,  it  is  the  equivalent  of  an  equal 
volume  of  decinormal  potassium  permanganate  V.  S.,  or,  in  the 
case  of  iodine  liberated  from  potassium  iodide,  it  is  the  equiva- 
lent of  an  equal  volume  of  decmormal  sodium  hyposulphite  V.  S. 
For  titrating  iron  in /arrows  compounds,  it  is  used  in  the  following 
manner:  Introduce  the  aqueous  solution  of  the  ferrous  salt  into 
a  flask  and,  if  it  is  not  already  acid,  render  it  so  with  sulphuric 
acid.  Now  add,  gradually,  decinormal  potassium  dichromate 
V.  S.  from  a  burette,  until  a  drop  taken  out  upon  a  white  surface 
no  longer  shows  a  blue  color  with  a  drop  of  freshly  prepared 
potassium  ferricyanide  T.  S. 

Decinormal  potassium  dichromate  V.  S.  may  also  be  used,  in 
conjunction  with  potassium  iodide  (from,  which  it  liberates  iodine) 
ana  sulphuric  acid,  for  adjusting  the  titer  of  sodium  hyposulphite 
(thiosulphate)  V.  S.  and,  by  its  means,  that  of  the  iodine  V.  S. 

One  Cubic  Centimeter  of  Decinormal  Potassium  Dichromate  V,  S,  is  the  equivalent  of: 

Gramme. 

Potassiam  Dichromate,  KaCrjO?     0.0048963 

Iron,  in  ferroas  compounds, 0.005588 

Ferrous  Carbonate,  FeCO,      0.011573 

Ferrous  Sulphate,  anhydrous,  FeS04 0.015170 

Ferrous  Sulphate,  crystallized,  FeS04  +  7HaO 0.027742 

Ferrous  Sulphate,  dried,  2FeS04  -f  2HjO 0.017864 

Potassium  Hydrate,  KOH 0.001866 

Sodium  Hyposulphite  (Thiosulphate),  NajSjO,  -f  5HaO  .    .  0.024764 

Estimation  of  Metallic  Iron  and  Ferrotcs  Salts. 

(a)  Metallic  Iron. — Any  definite  amount  of  iron  (about  0.5 
Gm.)  is  weighed  off  (if  it  is  intended  for  standardizing,  piano  wire 
should  be  selected),  then  dissolved  by  the  aid  of  heat  in  dilute  sul- 
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phuric  acid,  in  a  flask  with  a  close  fitting  cork,  through  which 
passes  a  short  glass  tube,  which  is  fitted  into  a  rubber  tube  closed  at 
the  other  extremity,  and  in  the  side  of  which  an  incision  is  made 
which  will  allow  steam  and  hydrogen  gas  to  pass  out,  but  will 
prevent  the  air  from  passing  in.  When  the  iron  is  dissolved,  the 
solution  is  titrated  directly  in  the  flask,  or  rinsed  out  into  a 
beaker.  The  titration  is  carried  out  as  directed  in  the  preceding 
paragraph.  The  failure  of  the  ferricyanide  solution  to  produce  a 
blue  color  with  the  resulting  mixture  indicates  that  the  oxidation 
of  the  ferrmts  to  the  ferric  condition  is  complete. 

The  first  half  of  the  operation  embraces  the  solution  of  the 
metallic  iron,  yielding  ferrous  sulphate,  the  operation  being  per- 
formed under  conditions  which  obviate  any  possible  formation  of 
ferric  salts  resulting  from  contact  with  air : — 

.  6Fe    +    6H^4    =    eFeSOf    -f    3H, 

6  X  65.88  6  X  151.7 

The  following  reaction  illustrates  the  oxidation  of  the  ferroxu 
to /erric  salt: — 

6FeS04      +      KjCrA      +      7H^,      =      3Fe,(S04),      +      K,S04      + 

Ferroos  Potaasium  Sulphaiic  Ferric  Potassium 

Sulphate.  Diobromate.  Aoid.  Sulphate.  Sulphate. 

910.2  298.78 

Cr,(S04),        +      7H,0 
Chrominm  Sulphate.  Water. 


Hence — 


K,Cr,0,        =        eFeSO*        =        6Fe 

293.78  6  X  161.7  8  X  65.88 

48.96  parts    «  161.7  parts  c«  55.88  parts. 


1000  Cc.  -  V.  S.  containing  4.896  Qm.  dichromate  =  15.17  Gm.  ferrous  sulphate  = 
^0  5.588  Gm.  metaUic  iron. 

ICc.        "  ''  0.004896  Gm.  dichromate  =  0.01517  Gm.  femms  sul- 

phate =  0.005588  metallic  iron. 

(6)  Orystallized  Ferrous  Salphaie. 

The  weighed  amount  of  salt  is  dissolved  in  water  containing 
dilute  sulphuric  acid  and  titrated  as  directed  above. 

KfiTfOj  +  6  FeS04.7H,0  +  7H,S04  =  3Fe,(S04),  +  K^O^  +  (^^(SOJ,  +  14H,0 

293.78  6  X  277.42 

298.78  parts  of  KsCrdOrare  neoessarr  for  the  oxidation  of  6  X  277.42  parts  of  ferrous  sulphate. 
^  g^        <i  (I         ti  u  It  <(  ((  277  42      "     **      "  " 

1000  Gc.  ^  V.  S.  containing  0.004896  Gm.  of  KgCrA  are  necessary  forthe  oxidation 
of  0.027742  Gm.  of  ciystallized  ferrons  sulphate. 

(c)  Ferri  Carbonas  Saccharatua. 

K,CrA  +   BFeSO,  +  7H^04  =   3Fe,(S0J,  +    K^O^  +  CfjCSOJ,  -f  7H,0 

293.78  6  X 115-73 

293.78  parts  of  KcCrtOa  are  necessary  for  the  oxidation  of  6  X  115.78  parts  of  ferrous  carbonate. 
48.96         "         ^*  "  "  "  "  "         115.73      "    "        "  " 

Then  1  Cc.  of  the  dichromate  solution  (or  0.004896  Gm.  of  the 
salt)  is  equivalent  to  0.011573  Gm.  of  ferrous  carbonate. 
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(d)  Potamum  Iodide  and  Sodium  Hyposulphite. 

7H^4    =    4K^S04    +    Cr,(S04), 
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K,Cr,0,    +    6KI    +    7H^4    =    4K,S04    +    Cr.CSO^),    -|-    31, 

293.78                                                                                                                            6  X  120.6 
48.96  parts  are  capable  of  liberatiog 126.6  parts 

1000  Cc.  oontaining  4.896  Om.  of  -  Dichromate  V.  8.  are  equivalent  to  12.66  Gm.  of 

i<>  Iodine. 

ICcs,  "        0.004896    "     "  **  "     is  equivalent  to  0.01266 Gm. 

of  Iodine,  or  0.02476  Gm.  of  Sodium  Hyposulphite  (1  Cc.). 

(11)  Decinobmal  Potassium  Permanganatk  Volumetbic  So- 
lution. 

2KMn04  =  315.34.  3.1534  Gm.«  in  1  Liter. 

For  the  estimation  of  Iron,  this  solution  is  far  more  satisfac- 
tory than  the  decinormal  dichromate  solution,  since  the  end  point 
of  the  reaction  is  readily  distinguished,  and  does  not  require  the 
use  of  reagents,  as  is  the  case  in  the  latter. 

Two  molecules  of  potassium  permanganate  (2KMn04)  in  oxida- 
tion give  off  five  atoms  of  oxygen,  which  oxidizes  the  ferrotur  of 
10  atoms  of  metallic  iron  to  ferric  condition,  thus : — 


2KMn04 

+ 

lOPeO 

5Fe,0^ 

+ 

2MnO 

+ 

K,0 

Potassium 

Ferroas 

Ferric 

Hangaaous 
OsQde. 

Potassium 

PermaDganate. 
815.84 

Oxide. 

Oxide. 

Oxide. 

^  molecule  KMn04  yield  ^  molecule  of  oxygen,  or  ^  molecule 

KMnOf  yields  ^  molecule  of  oxygen. 
But  ^  molecule  of  oxygen  =  1  atom  of  hydrogen. 

Hence  ^  of  the  molecular  weight  of  KMnO*  or  ^  of  the  mole- 
cular weight  of  2KMn04  is  equivalent  to  one  atom  of  hydrogen  ; 
hence  the  normal  solution  of  potassium  permanganate  should 

contain  ^^  (2KMn04)  =  31.534  Gm.  of  salt. 

If  the  normal  solution  contains  31.534  Gm.,  then  the  decinomuil 
solution  must  contain  ^th  of  this,  or  3.1534  Gm.  in  the  Liter. 

The  next  step  is  to  prepare  the  solution.  This  cannot  be  done 
directlv,  by  weighing;  out  3.1534  Gm.  of  the  salt,  partly  because 
the  salt  is  but  rarely  absolutely  pure,  and  partly  because  any 
oxidizable  matters  in  the  water  used  for  solution  would  consume 
some  of  the  salt.  The  adjustment  must,  therefore,  be  made 
indirectly  by  means  of  either  Oxalic  Acid  or  Iron.  In  order  to 
do  this,  a  solution  of  approximate  strength  is  first  prepared. 

The  Pharmacopoeia  gives  the  following  directions : — 

"  I.  Place  3.5  Gm.  of  pure,  crystallized  potassium  permanganate 
in  a  flask,  add  1000  Cc.  of  boiling  water,  and  boil  until  the  crys- 
tals are  dissolved.  Close  the  flask,  and  set  it  aside  for  two  days, 
so  that  any  suspended  matters  may  deposit.  This  is  the  stronger 
solution.  Prepare  another,  weaker  solution,  in  the  same  manner, 
using  6.6  Gm.  of  the  salt  and  2200  Cc.  of  water,  and  set  this  also 
aside  for  two  days.    After  the  lapse  of  this  time,  pour  off  the  clear 

*  This  oaantity  is  never  directly  weighed,  but  adjusted  either  by  Oxalic  Acid  or  by  Iron ;  in  cal- 
culations It  is  often  abbrcTiated. 
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portion  of  each  solution  into  separate  vessels  provided  with  glass 
stoppers,  and  then  proceed  to  test  each  separately." 

This  solution  is  standardized  by  means  of  oxalic  acid,  the  deci- 
normal  volumetric  solution  being  employed.  The  reaction  pro- 
ceeds thus : — 

SKMnO*  +  5(HA04  +  2H,0)   +   3H^4  =  K^O*  +  2M:nS04    -f    lOCO, 

Potassium  Oxalic  Acid.  Salpliaric        Potassium       Manganese         Carbonic 

Permanganate.  628.5  Acid.  Sulphate.  Sulphate.  Acid  Gaa. 

315.3 

+  8H2O 

Water. 

1000  Cc.  of  thedecinormalV.  S.  sboald  contain  3.153  Gm.  i>ermaaganate  ^  6.285 

Gm.  oxalic  acid. 
1  Cc.   of  the  decinormal  V.   S.   should  contain  0.003153  Gm.   permanganate  = 

0.006285  Gm.  oxalic  acid. 

Hence  the  10  Cc.  of  the  decinormal  acid  solution  containing 
0.06285  Gm.  of  oxalic  acid  will  be  equivalent  to  0.03153  Gm.  of 
potassium  permanganate.  Sulphuric  acid  is  employed  in  all 
reactions  with  permanganate,  in  order  to  dissolve  the  separated 
brown  manganic  hydrate  and  to  convert  it  into  manganic  sul- 
phate, which  does  not  impart  a  color  to  the  liquid.  The  pres- 
ence of  the  suspended  brown  precipitate  of  manganic  hydrate 
would  render  it  next  to  impossible  to  recognize  the  end  of  the 
reaction. 

"  Introduce  into  a  flask  10  Cc.  of  decinormal  oxalic  acid  V.  S., 
add  1  Cc.  of  pure,  concentrated  sulphuric  acid,  and,  before  this 
mixture  cools,  gradually  add  from  a  burette  small  quantities  of 
the  weaker  permanganate  solution,  shaking  the  flask  after  each 
addition  and  reducing  the  flow  to  drops  toward  the  end  of  the 
operation.  When  the  last  drop  of  the  permanganate  solution 
added  is  no  longer  decolorized  but  imparts  a  pinkish  tint  to  the 
liquid,  note  the  number  of  Cc.  consumed.  In  the  same  manner 
ascertain  the  titer  of  the  stronger  solution,  and  likewise  note 
down  the  number  of  Cc.  of  the  latter  consumed.  Finallv  mix 
the  two  solutions  in  such  proportions  that  50  Cc.  of  the  mixture 
will  exactly  correspond  to  an  equal  volume  of  decinormal  oxalic 
acid  V.  S. 

Note. — To  obtain  the  accurate  proportions  for  mixing  the  two 
solutions,  deduct  10  from  the  number  of  Cc.  of  the  weaker  solu- 
tion required  to  decompose  10  Cc.  of  decinormal  oxalic  acid  V.  S. 
With  this  difference  multiply  the  number  of  Cc.  of  the  stronger 
solution  required  for  the  same  purpose.  The  product  shows  the 
number  of  Cc.  of  the  stronget*  solution  needed  for  the  mixture. 

Next  deduct  the  number  of  C<;.  of  the  stronger  solution  required 
to  decompose  10  Cc.  of  decinormal  oxalic  acid  V.  S.  from  10,  and 
with  the  difference  multiply  the  number  of  Cc.  of  the  weaker  solu- 
tion required  for  the  same  purpose.  The  product  shows  the 
number  of  Cc.  of  the  weaker  solution  needed  for  the  mixture. 

Or,  designating  by  S  the  number  of  Cc.  of  the  stronger  solution 
and  by  W  the  number  of  Cc.  of  the  weaker  solution  required  to 
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decompose  10  Cc.  of  decinormal  oxalic  acid  V.  S.,  the  following 
formula  will  give  the  proportions  in  which  the  solutions  must  be 
mixed : — 

Stronger  Solution.  Weaker  Solation. 

(W— 10)S        4-        (10— S)W 

Example. — Assuming  that  9  Cc.  of  the  stronger  (S)  and  10.5  of 
the  weaker  (W)  solution  had  been  required,  then  substituting 
these  values  in  the  above  given  formula,  we  obtain : — 

stronger  Solution.  Weaker  Solution. 

(10.5—10)9        +         (10—9)  10.5 
or,  4.6.  -|-         or,  10.6 

making  15  Cc.  of  final  solution. 

The  bulk  of  the  two  solutions  is  now  mixed  in  the  same  pro- 
portion 450  Cc.  of  the  stronger  and  1050  Cc.  of  the  weaker,  or 
900  Cc.  of  the  stronger  and  2100  Cc.  of  the  weaker  solution. 

After  the  mixture  is  thus  prepared,  a  new  trial  should  be 
made,  when  10  Cc.  of  the  solution  should  exactly  decompose 
10  "Cc.  of  the  decinormal  oxalic  acid  V.  S.  If  necessary,  a 
new  adjustment  should  be  made  to  render  the  correspondence 
perfect. 

This  solution  should  be  kept  in  small,  dark  amber-colored  and 
glass-stoppered  bottles  (or  in  bottles  provided  with  tubes,  especially 
designed  for  the  purpose).  Thus  prepared,  this  solution  will  hold 
its  titer  for  months;  yet  it  should  be  tested  occasionally,  and, 
when  it  is  found  reduced,  the  liquid  should  be  brought  back 
to  normal  strength  by  the  addition  of  such  an  amount  of  the 
stronger  solution  as  may  be  determined  in  the  manner  above 
described. 

II.  When  potassium  permanganate  V.  S.  is  to  be  prepared  for 
immediate  use,  this  may  be  done  in  the  following  manner.  Dis- 
solve 3.5  Gm.  of  pure,  crystallized  potassium  permanganate  in 
1000  Cc.  of  pure  water,  recently  boiled  and  cooled.  Introduce  10 
Cc.  of  decinormal  oxalic  acid  V.  S.  into  a  beaker,  add  1  Cc.  of 
pure,  concentrated  sulphuric  acid,  and  proceed  as  directed  above 
for  the  weaker  permanganate  solution.  Note  the  number  of  Cc.  of 
the  solution  consumed,  and  then  dilute  the  remainder  with  pure 
water  recently  boiled  and  cooled,  until  50  Cc.  will  exactly  corres- 
pond to  50  Cc.  of  decinormal  oxalic  acid  V.  S. 

Example. — Assuming  that  9.1  Cc.  of  the  Permanganate  solu- 
tion first  prepared  had  been  required  to  produce  a  permanent 
pink  tint,  then  every  9.1  Cc.  of  the  solution  must  be  diluted  to 
10  Cc,  or  the  whole  of  the  remaining  solution  in  the  same 
proportion.  A  new  trial  should  then  be  made  to  verify  the 
agreement. 

Note, — Potassium  permanganate  V.  S.  thus  prepared  is  liable  to 
deteriorate  more  readily  and  quickly  than  that  prepared  by  the 
method  first  given  (under  I.).  It  cannot  be  safely  trusted  without 
verification,  each  time  it  is  to  be  used." 
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One  Cubic  Centimeter  of  Deeinormai  Poiamum  Permamganate  V,8.  is  the  equivalent  of: 

Chvimme. 
Potassiam  Permanganate,  KMnO^ 0.0031534 

Bariam  Dioxide ,  BaO, 0.006441 

Oalcium  Hypophoepbite,  Ga(PH,0,), 0.0021209 

Ferric  Hypophosphite,  Fe,(PH,0,)s 0.0020877 

Iron,  in  ferrons  oompoonda,  Fe 0.005588 

Ferrooa  Carbonate,  FeCQi 0.011573 

Ferrous  Oxide,  FeO 0.007195 

Ferrous  Salpbate,  anbydrons,  Fe804 0.015170 

Ferrous  Sulpbate,  crystals,  FeSO^H-  7H,0 0  027742 

FerrousSulpbate,  dried,  2FeS04+3H,0 0.017864 

Hydrogen  Dioxide,  H,0, 0.001696 

Hypopbospborons  Acid,  HPH,0, 0.001647 

Oxalic  Acid,  crystallized,  HtCjOt  +  2H,0« 0.006285 

Oxygen,  O 0.000798 

Potassium  Hypopbospbite,  KPH,0, 0.002598 

Sodium  Hypopbospbite,  NaPH,0,  +  H,0 0.002646 

(a)  EdimcUion  of  Hydrogen  Dioxide. 

A  weighed  auantity  of  the  solution,  diluted  with  water,  is  ren- 
dered decidedly  acid  with  sulphuric  acid,  and  deeinormai  per- 
manganate solution  is  run  in  until  the  liquid  retains  a  faint  pink 
tint  after  being  stirred. 

The  reaction  proceeds  thus : — 

2KMn04    4     5HA    +    3H^4    =    50,    -f    8H,0    +    K^SO*    -h    2MnS04 

815.2  109.6 

1000  Cc.  of  II  y.  S.  oontahiing  3.152  Gm.  of  permanganate  ooirespond  to  1.696  Gm. 

of  Hydrogen  Peroxide. 
1  Cc  **  '*    0.003152  Gm.  of  permanganate  correspond  to  0.001696 

Gm.  of  Hydrogen  Peroxide. 

Barium  Dioxide,  is  estimated  in  the  same  manner,  its  oxygen 
being,  however,  first  converted  into  hydrogen  peroxide  by  reaction 
with  phosphoric  acid,  thus : — 

3BaO,        +        2H,P0,        =        BagCPO*),        -f        3H,0, 
Barium  Dioxide.       Fhosphorio  Add.  Barium  Phospbate.      Hjdrogeu  Peroxide. 

8  X  168.8  8  X  88.92 

Each  506.4  parts  of  Barium  Dioxide  yield  theoretically  101.76 
parts  of  absolute  hydrogen  peroxide. 

(6)  Estimation  of  Ferrous  Sulphate. 
The  reaction  proceeds  as  follows : 

2KMn04    +    10FeSO4  +  7H,O    -f    8H^4    =    6(Fe,(804),)    -|- 

815.3  2774.2  (558.8  Fe.) 

K^4     -I-    2MnS04    -f     15H,0 

That  is,  315.3  parts  of  2KMn04  correspond  to  558.8  parts  of 
Fe  or  to  2774.2  parts  of  FeS04+7H,0. 

1000  Cc.  of  the  deeinormai  permanganate  (containing  3.153 
Gm.  of  the  salt)  correspond  to  5.588  Gm.  of  metallic  iron,  or  to 
27.742  Gm.  of  crystallized  ferrous  sulphate.  Hence,  1  Cc.  of  the 
deeinormai  permanganate  (containing  0.003153  Gm.  of  the  salt) 
corresponds  to  0.027742  Gm.  of  crystallized  ferrous  sulphate. 
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(c)  Estimation  of  Metallic  Iron. 

The  metallic  iron  is  dissolved  in  a  flask  containing  dilute  sul- 
phuric acid  under  the  same  precautions,  to  avoid  oxidation,  as 
directed  under  potassium  bichromate  (page  437,  a).  The  result- 
ing solution  contains  the  iron  as  ferrous  sulphate. : — 

6Pe,      +      10H^O4      =      lOPeSO*      +      6H, 

658.8  1517 

The  decinormal  permanganate  solution  is  now  run  in,  until 
the  solution,  after  stirring,  retains  a  faint  pink  color. 

2KMDO4    -f    lOPeSO.    4-    8H,S04    =    6(Fe,(S04),)    +    K^O*    -f 

816.8  1517  (668.8  Fe) 

2MBSO4    +    8H,0 

1  Cc.  of  the  decinormal  permanganate  (containing  0.003153 
Gm.  of  the  salt)  corresponds  to  0.01517  Gm.  of  anhydrous  ferrous 
sulphate  or  to  0.005588  Gm.  of  metallic  iron. 

(d)  Estimation  of  Ferrous  Carbonate, 

A  weighed  amount  of  ferrous  carbonate  is  dissolved  in  dilute 
sulphuric  acid  and  titrated  as  directed  in  the  U.  S.  P. 
The  reaction  is  as  follows : — 

lOFeCOi  -f       10H,SO4    =    lOFeSO*    -j-    lOOO,    -f-    10H,O 

1167.3  (668.8  Fe).  1617 

2KMn04    -f         lOFeSQi         +    8H^4    =    5(Fe,(804),)    +    3M11SO4    -f 

816.8  1517  (668.8  Fe). 

K^4    +    8H,0. 

That  is,  315.3  parts  of  permanganate  correspond  to  558.8  parts 
of  metallic  iron,  which  in  turn  corresponds  to  1157.3  Gm  of  fer- 
rous carbonate.  1  Cc.  of  decinormal  potassium  permanganate  solu- 
tion (containing  0.003153  Gm.  of  the  salt)  corresponds  to  0.005589 
Gm.  of  metallic  iron,  or  to  0.011573  Gm.  of  ferrous  carbonate. 

(e)  Estimation  of  Hypophosphorovs  Add,  Free  and  in  Hypophos- 

phites. 

The  reaction  occurring  in  these  titrations  is  as  follows : — 

2K,Mii,08    -h    6H5PO,    -f    6H,S04    =    2K,S04    +    4M118O4    -f 

2  X  316.8  829.4 

6H,0    -h    6H,P04. 
816.8  parte  of  Permangmnate  correspond  to  164.7  parts  of  Hypophosphorous  acid. 

1  Cc.  of  permanganate  solution  (containing  0.003153  Gm.  of 
potassium  permanganate)  correspon<is  to  0.001647  Gm.  of  hypo- 
phosphorous  acid  or  to  a  corresponding  amount  of  any  hypo- 
phosphite. 

(12)  Decinormal  Bromine  Volumetric  Solution. 

[Eoppeschaab's  Solution.] 

Br  =  79.76  7.976  Gm.  in  1  Liter. 

(NaBrO,  =  160.64.— NaBr=  102.76.) 

(KBiO,  =  166.67.— KBr = 118.79. ) 

"  Dissolve  3  Gm.  of  sodium  bromate  and  50  Gm.  of  sodium 
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bromide  (or  3.2  Gm.  of  potassium  bromate  and  50  Gm.  of  potas- 
sium bromide)  in  enough  water  to  make,  at  or  near  15°  C.  (59° 
F.),  900  Cc.  Of  this  solution  transfer  20  Cc.,  by  means  of  a 
pipette,  into  a  bottle  having  a  capacity  of  about  250  Cc.,  provided 
with  a  glass  stopper;  add  75  Cc.  of  wat^r,  next  5  Cc.  of  pure 
hydrochloric  acid,  and  immediately  insert  the  stopper.  Shake  the 
bottle  a  few  times,  then  remove  the  stopper  just  suflSciently  to 
quickly  introduce  5  Cc.  of  potassium  iodide  T.  S.,  taking  care 
that  no  bromine  vapor  escape,  and  immediately  stopper  the 
bottle.  Agitate  the  bottle  thoroughly,  remove  the  stopper  and 
rinse  it  and  the  neck  of  the  bottle  with  a  little  water  so  that  the 
washings  flow  into  the  bottle,  and  then  add  from  a  burette  deci- 
normal  sodium  hyposulphite  V.  S.  until  the  iodine  tint  is  exactly 
discharged,  using  toward  the  end  a  few  drops  of  starch  T.  S.  as 
indicator.  Note  the  number  of  Cc.  of  the  sodium  hyposulphite 
V.  S.  thus  consumed,  and  then  dilute  the  bromine  solution  so  that 
e(jual  volumes  of  it  and  of  decinormal  sodium  hyposulphite  V.  S. 
will  exactly  correspond  to  each  other  under  the  conditions  men- 
tioned above. 

Example, — Assuming  that  the  20  Cc.  of  the  bromine  solution 
have  required  25.2  Cc.  of  the  hyposulphite  to  completely  discharge 
the  iodine  tint,  the  bromine  solution  must  be  diluted  in  the  pro- 
portion of  20  to  25.2.  Thus,  if  850  Cc.  of  it  are  remaining,  tney 
must  be  diluted  with  water  to  measure  1071  Cc. 

After  the  solution  is  thus  diluted,  a  new  trial  should  be  made 
in  the  manner  above  described,  in  which  25  Cc.  of  the  decinormal 
sodium  hyposulphite  V.  S.  should  exactly  discharge  the  tint  of 
the  iodine  liberated  by  the  bromine  set  free  from  the  25  Cc.  of 
bromine  solution. 

Keep  the  solution  in  dark  amber-colored,  glass-stoppered  bottles." 

One  Cubic  Centimeter  of  Decinormal  Bromine  Solution  V,  8,  is  the  equivalent  of : 

Gramme. 

Bromine,  Br 0.007976 

Carbolic  Acid,  CeHjOH 0.001563 

On  mixing  potassium  or  sodium  bromate  with  their  respective 
bromides  in  presence  of  hydrochloric  or  sulphuric  acid  ana  water, 
bromine  is  set  free  according  to  the  following  reaction. 

KBrOj    +    6KBr    +    6HC1    =    6KC1     +     3H,0    +     3Br, 

In  order  to  ascertain  the  normal  amount  of  bromine  present, 
for  the  purpose  of  standardization,  potassium  iodide  is  introduced, 
whereby  a  quantity  of  iodine  exactly  equivalent  to  the  free  bro- 
mine present  is  liberated.  Upon  estimating  the  amount  of  the 
liberated  iodine  with  sodium  hyposulphite,  the  result  represents 
the  equivalent  amount  of  bromine: — 

Br,  ==  I,  =  2(NaA03»6H,0) 

2  X  79.76  2  X  128.6  2  X  247.64 

79.76  parts         --         126.6  parU  =  247.64  parts. 
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That  is,  1  Cc.  of  decinormal  hyposulphite  solution  (containing 
0.024764  Gm.  of  sodium  hyposulphite)  corresponds  to  0.01266  Gm. 
of  Iodine,  which  in  turn  represents  0.007976  of  Bromine. 

This  solution  is  employed  in  the  valuation  of  carbolic  acid, 
depending,  for  its  action,  upon  the  formation  of  tribrom-phenol, 
in  which  an  excess  of  the  bromine  solution  is  added  to  a  weighed 
amount  of  carbolic  acid  dissolved  in  water;  the  excess  of  bromine 
which  has  not  combined  with  the  phenol,is  estimated  as  explained 
above;  that  is,  the  equivalent  amount  of  iodine  liberated  from 
potassium  iodide  added  is  determined  by  sodium  hyposulphite, 
the  difference  being  the  amount  of  combined  bromine.  The 
reaction  proceeds  thus : — 

6Br        4-        CjHjOH        =        C,H,Br,OH        -f        3HBr 
Bromioe.  Phenol.  Tribrom-pbenol.  Hydrobromic  Add. 

79.76  parts  of  bromine  correspond  to  15.63  parts  of  phenol. 

Hence 

1  Gc.  of  the  bromine  solution  (containing  0.007976  Gm.  of  bromine)  corresponds  to 
0.001563  Gm.  of  phenol. 


APPENDIX. 


TABLE  OF  ATOMIC  WEIGHTS 


ACOORDIMO  TO  L.  Meykb  akd  K.  Seubbrt. 


Name. 

8T1IBOL. 

Atomic 
Weight. 

Name. 

Symbol. 

Atomic. 
Weight. 

Alnminam,    .    .    .    . 

Al 

27.04 

Molybdenum, 

Mo 

95.9 

Antimony, 

Sb 

119.6 

Nickel,      .... 

Ni 

58.6 

Arsenic,      .   . 

As 

74.9 

Nitrogen, 

N 

14.01 

Barium,      .   . 

Ba 

136.9 

Osmium,   . 

Os 

190.3 

Berylliam,*   . 

Be 

9.03 

Oxygen,     . 

0 

15.96 

Bismntb,    .   . 

Bi 

208.9 

Palladium, 

Pd 

106.35 

Boron,     .   .   . 

B 

10.9 

Phosphorus, 

P 

30.96 

Bromine,    .   . 

Br 

79.76 

Platinum, 

Pt 

194  3 

Gadminm, 

Cd 

111.5 

Potassium, 

K 

39.03 

Caesiam,      .   . 

Cs 

132.7 

Rhodium,  . 

Rh 

102.9 

Calciom,     .   . 

Ca 

39.91 

Rubidium, 

Rb 

85.2 

Carbon,  .... 

C 

11.97 

Ruthenium, 

Ru 

101.4 

Cerium,  .   .   . 

i      Ce 

139.9 

Samarium, 

Sm 

149.62 

Chlorine,     .   . 

CI 

35.37 

Scandium, 

Sc 

43.97 

Chromium,     . 

i      Cr 

52.0 

Selenium, 

Se 

78.87 

Cobalt,    .... 

Co 

58.6 

Silicon,  .   .   . 

i    Si 

28.3 

Columbium,t 

Cb 

93.7 

Silver,    .  . 

'      Ag 

107.66 

Copper,    .... 

Cu 

63.18 

Sodium,     . 

.      Na 

23.0 

Didjmium,^ 

Di 

142.0 

Strontium,    . 

Sr 

87.3 

Erbium,      .   . 

Er 

166.0 

Sulphur,    .   . 

S 

31.98 

Fluorine,    .   .   . 

F 

19.0 

Tantalum,     . 

1      Ta 

182.0 

Gallium,     .   .   , 

Ga 

69.9 

Tellurium,    , 

Te 

125.0 

Oermanium, 

Ge 

72.3 

Terbium,  .   . 

Tb 

159.1 

Gold, 

Au 

196.7 

Thallium,     . 

Tl 

203.7 

Hydrogen,  .   .   . 

1      H 

1.0 

Thorium, 

Th 

231.9 

Indium,      .   .    , 

In 

113.6 

Tin,    .   .   .   , 

Sn 

118.8 

Iodine,    .   .   . 

I 

126.53 

1 

Titanium,     . 

Ti 

48.0 

Iridium,     .   .   . 

Ir 

192.5 

Tungsten, 

W 

183.6 

Iron, 

Fe 

55.88 

Uranium,  .   . 

U 

238.8 

lanthanum. 

La 

138.2 

Vanadium,    . 

V 

51.1 

Pb 

206.4 

Ytterbium,    , 

Yb 

172  6 

Lithium,     .    .    . 

,      Li 

7.01 

Yttrium,    .   . 

'      Yt 

88.9 

Magnesium,   .   . 

Mg 

24  3   ; 

Zinc,      .   .   . 

■ 

'      Zn 

65.1 

Manganese,    .   . 

Mn 

54.8     1 

Zirconium,    . 

•      • 

Zr 

90.4 

Mercury,     .   .   . 

Hg 

199.8     1 

1 

•  Also  called  Gluclnum,  Gl  =  9.03. 
t  Also  called  Niobium,  Xb  =  9».7. 
X  Gompooed  of  Neo-  and  PrMeo-Didymlum. 


447 


448 


HANDBOOK  OF  PHARMACY. 


TABLE  OF  SOLUBILITIES.* 


IN  WATER,  ALCOHOL.  ETHER,  CHLOROFORM  AND  GLYCERIN,  OF  MEDICINAL  SUB- 

STANCES  OFFICIAL  IN  THE  U.  8,  PHARMACOPCEIA,  INCLUDING  MANY 

OTHERS  OF  COMMON  OR  FREQUENT  USE. 


Abbrieviatiovs— «.,  soluble;  v.  «.,  very  soluble;  jp.,  sparingly;  a.,  all  proportions ;  «/.,  slightly; 
im.t  insoluble ;  n,  i»u.,  nearly  insoluble;  dec.,  decomposed. 


Medicinal  Substances. 

One  part  Is  soluble  in 
[at  S»o  F  (15°  C.)  U.  S.  P. 
Standard  Temperature.] 


Acacia, 

Acetanilid, 

Acid,  Arsenic, 

Arsenous, 

Benzoic, 

Boric, . 

Carbolic,  Anhyd 

Chromic 

Citric, 

Formic, 

Gallic, 

Lactic, 

Meconic, 

Oleic. 

Oxalic,  ciTst 

Phosphoric,  Glacial 

Picric, 

Pyrogallic,  (see  Pyrogallol), 

Salicylic 

Stearic, 

Succinic, 

Tannic, 

Tartaric, 

Valerianic, 

Aconitine, • 

Alcohol,     

Amylic, 

Alum,     

Exsiccated, 

Aluminum  Hydrate, 

Sulphate 

Ammonium  Benzoate, 

Bicarbonate, 

Borate, 

Bromide, 

Carbonate, 

Chloride, 

Iodide, 

Nitrate,     

Oxalate, 

Phosphate, 

Sulphate, 

Valerianate.     ....... 

Amyl  Acetate, 

Nitrite 

Anilin 

Antifebrin,  (see  Acetanilid),  .  . 
Antimony  Arseniate. 

Oxide, 

Sulphide, 

ana  Potassium  Tartrate,     . 

Antipyrin, 

Apocodeine,     

Apomorphine  Hydrochlorate,  .  . 

Aristol, 

Arsenic  Bromide, 

Iodide, 

Atropine, 

Hydrochlorate, 

Sulphate, 

Balsam  Peru, 


Pabts  op 

Water. 

Alcohol. 

Ether. 

Chloroform. 

Glycerin. 

2 

ins. 

•         ■         a 

■          a          a 

a        a         a 

194 

5 

18 

V.  8. 

^         ^ 

2 

■         a         • 

•      •      ■ 

a         •         ■ 

6 

80 

141 

■      •      • 

a         ■         • 

5 

500 

2 

3 

7 

10 

25 

15 

•      •      « 

a         a         • 

10 

15 

a. 

a. 

a. 

a. 

V.  8. 

dec. 

dec. 

ins. 

dec. 

0.63 

1.61 

18 

50 

2 

V.  s. 

T.  8. 

3 

a        ■         a 

8. 

100 

6 

40 

•        •         a 

12 

a. 

a. 

a. 

ins. 

a           ■            a 

sp. 

V.  s. 

■     •     » 

a         ■         • 

, 

ins. 

a 

a. 

a. 

^ 

8.17 

6.8 

n.  ins. 

ins. 

i 

.5 

V.  s. 

▼.8. 

ins. 

•      •      • 

m 

*      • 

86 

8. 

8. 

s. 

• 

■      •      ■ 

450 

■  2.4 

■        ■        • 

2 

a         ■         a 

80 

60 

ins. 

45 

9 

8. 

^ 

19 

8 

79 

n.  ins. 

^ 

1 

0.6 

n.  ins. 

n.  ins. 

2 

0.8 

2.5 

250 

n.  ins. 

a. 

30 

a. 

2 

3 

8. 

150 

5 

2 

3 

•        mm 

a. 

■      •      ■ 

a. 

a. 

a. 

sp. 

a. 

a. 

*        a         » 

a        a         • 

9 

ins. 

ins. 

ins. 

2.5 

20 

ins. 

ins. 

ins. 

V.  s. 

ins. 

ins. 

ins. 

ius. 

ins. 

1.2 

ins. 

ins. 

ins. 

ins. 

5 

28 

ins. 

ins. 

ins. 

8 

ins. 

•      ■      • 

.  .   . 

■      ■      • 

12 

•      ■ 

•      ■      • 

a        a         ■ 

•           »           m 

1.5 

30 

600 

•        a         a 

a         ■         ■ 

4 

dec 

ins. 

a         a         a 

6 

3 

sp.  sol. 

ins. 

•        »         » 

5 

1 

9 

ins. 

a        a         a 

«      •      • 

0.5 

20 

•      •      • 

•         ■         a 

3 

•      ■      « 

•      •      • 

a         a          ■ 

4 

ins. 

■      •      • 

m         •         • 

1.8 

sp. 

■      •      • 

a        a         a 

V.  s. 

V.  8, 

•          a          • 

■         ■         ■ 

ins. 

a. 

a. 

a         a         • 

ins. 

a. 

a. 

a. 

si. 

a. 

a. 

a. 

«      ■      • 

ins. 

■     •      « 

ins. 

•      •      • 

«         a         • 

•  a         a 

•  a         ■ 

n.  ins 

ins. 

ins. 

ins. 

ins. 

ins. 

a        •        • 

.  .   . 

17 

ins. 

ms. 

20 

izo 

1 

1 

50 

•      •      • 

ins. 

s. 

s. 

8. 

6.8 

25 

si. 

sl. 

ins. 

sp. 

s. 

8. 

dec. 

*      *      > 

a         ■         • 

m        9         • 

3.5 

10 

sol. 

■         •         a 

130 

3 

16 

4 

50 

▼  .  8. 

▼.  8. 

si. 

»        m         » 

, 

0.4 

6.2 

2270 

694 

3 

•      •       « 

5 

•      ■      • 

8. 

•••Era"  Formulary. 
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TABLE  OF  SOLUBILITIES.— Om^fiiicd. 


Medicinal  Substances. 

One  part  is  soluble  in 
[at  59«  F.  (I50  C.)  U.  S.  P. 
Standard  Temperaiuie.] 


Balsam  Tolu, 

parium  Acetate, 

Bromide, 

Carbonate, 

Chloride, 

Nitrate, 

Benzanilide, 

Benr^ene, 

Benzin,  

Bebeerine. 

Hyarochlorate,   .... 

Sulphate, 

Berberiue, , 

Hyarochlorate,    .  .  .  .  . 
Bismuth  Chloride , 

Citrate, , 

Oxide,    ....... 

Ox^iodide, , 

Salicylate, , 

Subcarbonate,      .  .  .  .   , 

Subgallate, 

Subnitrate, 

Tanuate, , 

and  Ammonium  Citrate, 

Bromal  Hydrat«, 

Bromine 

Bromoform, , 

Brucine,     .  . 

Sulphate, 

Butyl  Chloral  Hydrate,    .   .   .   , 
Cadmium  Acetate, , 

Chloride, , 

Iodide, 

Sulphate, , 

Caffeine 

Citrate,  

Phosphate, 

Calcium  Acetate, 

Benzoate,      

Bromide, 

Carbonate, , 

Chloride, , 

Hypophoephite,      .   .   .  . 

Hyposulphite,     .... 

Iodide, 

Lactate,     , 

Phosphate, 

Sulphate, , 

Sulphite,       

Camphor, 

Monobromated 

Cannabine  Taunate 

Carbon  Disulphide, 

Cerium  Acetate, 

Bromide, 

Nitrate, 

Oxalate,     

Chinoidine, 

Chloral,      

Chlorororm, 

Chrysarobin, 

Cinchonine, 

Hydrochlorate,   .... 

Sulphate, 

Cinchonldine, 

Hydrochlorate,    .... 

Sulphate 

Codeine, 

Hydrochlorate,   .... 

Sulphate 

Phosphate, 

Cocaine, 

Hydrochlorate, 


Water. 


n.  Ins. 
2 

V.  B. 

ins. 


J-12 


8- 
n.  ins. 
ins. 
inn. 
6000 
s. 

B. 

600 
600 

ins. 

ins. 

ins. 

Ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

V.  s. 

s. 

30 

V.  «p. 

750 

▼  .  8. 

50 

▼.8. 

0.7 
2 

▼.  8. 

80 
30 

8. 

29 

0.7 

ins. 


ii 


1 

9-12 

ins. 

:i82 

800 

sp. 

n.  inn. 

Bl. 

535 
▼.  8. 

81. 
8. 

ins. 
n.  ins. 

V.  8. 

200 

n.  ins. 

3760 

22 

66 

2500 

27 

70 

80 

20 

35 

4 

700 

0.48 


Pabts  of 


Alcohol. 


s. 

100 

s. 

n.  ins. 

ins. 

ins. 

58 

■      •      • 

6 
sol. 

8. 
▼.  S. 

250 

sp. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

sp. 

s. 

s.  (dec.) 

s. 

2 

▼.  s. 


8. 

sol. 

V.  8. 
33 
8. 

▼.  8. 
8. 

•  •        ■ 

1 

ins. 

8 

ins. 

•  •      • 

s. 

8. 

ins. 
ins. 

•  •      ■ 

V.  8. 

6 
si. 

V.  8. 
8. 
8. 

8. 

ins. 

sp. 

▼.  s. 

a. 

sp. 

116 
1 

10 
20 

8. 

66 
3 


sp. 

V.  8. 

3.5 


Ether. 


B. 
8. 

13 


ins. 
ins. 


Ins. 
ins. 
ins. 


8. 

8.  (dec.) 

s. 

ins. 

•      •      • 

8. 


555 


ins. 
ins. 


ins. 
ins. 


V.  s. 

V.  8. 

si. 

V.  8, 


ins. 

B. 
▼.  8. 

a. 

s. 
526 
550 
ins. 

80 

n.  Ins. 

ins. 

30 


V.  s. 
2800 


Chloroform. 


8. 


8. 
8. 


n. 


8. 

8. 


Ins. 


lUB. 


V.  8. 
V.  s. 

V.  8. 


s. 

V.  8. 


163 

•  *      «        • 

78 

10 

n.  ins. 

1316 

2 


17 


Qlyoerin. 


10 


8. 


50 


20 
si.* 


8. 
200' 

16 


29 
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TABLE  OF  SOLUBILITIES.— Om^tfiiied. 


Medicikal  Substancbs. 

One  part  is  soluble  in 
[at  590  F.  (\^  C.)  U.  S.  P. 
Standard  Temperature.} 


Coniine,     

Uydrobrouiate, 

Copper  Acetate, 

Ammoniated, 

Chloride, 

ljactate« 

Nitrate, 

Sulphate, 

Creosote. 

Delphinine, 

Digitalin, 

Digltin 

Diuretin 

Duboisine, 

Sulphate, 

Elaterin, 

Emetine, 

Krgotiuine, 

Ether  Acetic, 

Butyric, 

Formic, 

Sulphuric,     

Ethyl  Bromide, 

Iodide,       

Eucalyptol, 

Eugonol, 

Euphorin,     

Europhen,     

Gelsconinine, 

Tartrate, 

Glycerin, 

(slycyrrhisin,  Ammoniated,  .  . 

Gold  Bromide  (mono), 

(tri), 

Chloride  (trl), 

Iodide, 

and  Sdliura  Chloride,  .  . 
Guaiacol, 

Benzoate, 

Gutta  Percha, 

Hydrastinine.     

Hydrocnlorate, 

Hydroquinone, 

Hyoscine,      

Hydrobromate, 

Uydrochlorate, 

Hyoscyaraine,     

Hydrobromate, 

Sulphate, 

Hypnone, 

Icnthyol, 

Iodine, 

Iodoform., 

lodol, 

Iron  Acetate, 

Albuminate, 

Arseniate, 

Bromide, 

Carbonate  Saocharated,  .  . 
Chloride  (Ferric),    .  .   .  . 

Citrate,    

Hypophoephite, 

Iodide,  Saccharated,   .   .   . 

Lactate, 

Nitrate, 

Oxalate, 

Phosphate  (Soluble),   .  .   . 

Pyrophosphate, 

Sanionate, 

Sulphate, 

Valerianate, 

and  Ammonium  Chloride, 


Pakts  of 


Water. 


100 

2 

16 

^% 

V.  8. 
8. 

2.6 

150 

n.  ins. 

1000 

8. 
Sl. 

600 

8. 

4250 

2000 

ins. 

8 

si. 


% 


2 
sp. 
n.  ins. 


^; 

ins. 
n.  ln& 

V.  8. 

a. 

8. 

ins. 

s. 

8. 

ins. 

2 

200 

ins. 

ins. 

n.  ins. 

0.3 

20 

rI. 

1.9 

s. 

600 

0.8 

0.5 

n.  Ins. 

B. 

5000 

n.  ins. 

6000 

4 

8. 

ins. 

s. 

sp. 

V.  8. 

s. 
u.  ins. 

8. 

7 
40 

8, 

n.  ins. 

V.  8. 
V.  8. 

n.  ins. 

1.8 

ins. 

8. 


Alcohol. 


Ether.       Chloroform. 


V.  s. 
2 

16 
ins. 
V.  s. 

8. 

8. 

n.  ins. 

8. 

8 

8. 


V.  8. 

s. 
887 

8. 
T.  8. 

a. 

a. 
a. 
a. 
a. 

V.  8. 

a. 

V.  8. 


S. 
▼.  8. 

a. 
s. 


8. 

ins. 

sp. 

a. 

8. 

ins. 

T.  8. 

8 
V.  s. 

V.  8. 

13 
ins. 

T.  8. 

2 

.6 

V.  s. 

To 

62 
8 

s. 
ins. 
ins. 

8. 

ins. 

V.  8. 

ins. 


n.  ins. 
ins. 

B. 

ins. 
ins. 
ins. 

V.  8. 

ins. 
V.  s. 
ins. 


6 


s 
ins 


ins. 
a. 

8. 

ins. 

■      •      • 

sp. 

s. 

•         *         a 

543 
sp. 

V.  s. 

.    a. 


a. 
V.  s. 

•      «      • 

▼.  s. 


25 

•      ■ 

ins. 

■      • 


a. 

V.  B. 

«      •      • 

V.  s, 
n.  ins. 

V.  8, 

▼.  8. 

sL 

ins. 

s. 

8000 

sL 

▼.  s, 

sp. 

8 

6.2 

1 


8l 

ins, 


ins, 


sp 
ins 


Glycerin. 


10 


a. 

B. 


2.4 

▼.  8, 
V.  8. 


S. 
▼.  8. 

•        ■ 

ins, 


! 


▼.  B, 

8. 

V.  B. 

n.  ins. 


sL 


B. 

260 

sL 
a 

s. 

B, 
V.  8. 


8. 

60 
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TABLE  OF  SOLimiLITIES.— Om^mned. 


Medicinal  Substancbs. 

One  part  \%  soluble  In 
(at  590  F.  (15°  C.)  U.  8.  P. 
standard  Temperature.] 


Iron  and  Ammonium  Citrate,  . 
Ammonium  Sulphate, 
Ammonium  Tartrate, 
Potassium  Tartrate,  . 
Quinine  Citrate,  .  .  . 
Strychnine  Citrate,     . 

Kairine, 

Lead  Acetate, 

Carbonate, 

Chloride, 

Chromate, 

Iodide, 

Nitrate,      

Oxide, 

Sulphate, 

Lime, 

Chlorinated, 

Sulphuretted.      

Lithium  Bensoate, 

Bromide,     

Carbonate, 

Chloride,     

Citrate, 

Iodide,     

Nitrate, 

Salicylate, 

Magnesia,     

Magnesium  Acetate, 

Beozoate, 

Bromide, 

Carbonate, 

Chloride, 

Lactate,     

Phosphate, 

Sulphate, 

Sulphite 

Tartrate, 

Manganese  Benzoate, 

Carbonate, 

Chloride, 

Dioxide, 

Hypophoephlte, 

Lactate, 

Phoephate, 

Sulphate, 

Mastlch, 

Menthol, 

Mercury  Bisulphate, 

Cnloride,  Ammoniated,  . 

Corrosive, 

Mild, 

Cyanide, 

Iodide,  Green, 

Red, 

Oxide,  Black 

Red, 

Salicylate, 

Sulphate,  Basic, 

Sulphide,  Black,     .  .  .  . 

Red, 

Morphine, 

Acetate, 

Hydrobromate, 

Uydrochlorate, 

Lactate, 

Meconate, 

Sulphate, 

Tartrate, 

Naphthalin, 

Naphthol  (Alpha), 

(BeU) 

Narceine, 


PABTS  OF 


Water. 


8. 

8 

V.  8. 
▼.8. 

2-n8 

8. 

6 

2.8 

ins. 

140 

ins. 

2000 

2 

n.  ins. 

u.  ins. 

750 

sp. 

si. 

4 

0.6 

80 

1.7 

2. 

0.6 

2 

V.  8, 

n.  ina. 

8. 
▼.8, 

T.  8, 

n.  ins. 

0.6 

30 

850 

1.5 

40 

122 

20 

ins. 

ins. 

▼.  8. 

s. 

12 

ins. 

08 

ins. 

8l. 

838 

ins. 
16 

ins. 

12.8 
n.  ina. 
n.  ina. 

ina. 

ins. 

ins. 

2000 

ins. 

ins. 

4350 
2.6 
25 
24 
8 
25 
21 
10 

ins. 

8. 
1000 
1200 


AloohoL 


ins. 
ina. 
ina. 
ins. 

8p. 

'& 

21 
Ids. 
200 

•      ■      • 

sp. 

n.  ins. 

ins. 

ins. 

ins. 

sp. 

ins. 

12 

V.  8. 

ins. 

V.  8. 

n.  ins. 


V.  8. 

ina. 

8. 

•  •        • 

8. 

ins. 

•  •      • 

ins. 
ins. 
ins. 
ins. 

•  •      • 

sp. 
ins. 

8. 

ins. 


8. 

ins. 

ina. 

sp. 

V.  8. 

ins. 

ina. 

8 

ins 

15 

ins. 

190 

ina. 

ina. 

ins. 

ina. 

*        %        m 

ins. 

800 

47.6 

«      *       • 

62 
98 

V.  8. 

702 

▼.8. 

16 

T.  8. 

0.75 
800 


Ether. 


n. 


ins. 
ins. 


ins. 


8. 

ins. 

•      •      • 

ins. 


ins. 
ins. 


ins. 
ins. 


ins. 

8. 
V.  8. 

ins. 

«      •      « 

4 

ins. 

Bp. 

ins. 

ins. 


4000 
1700 

•      •      • 

8l. 


n.  ins. 

•     •      « 

V.  8. 

Y.  8. 
V.  8. 

ins. 


Chloroform. 


8 


8. 
▼  .8 


Glyoerin. 


18 


65 
20' 


4 
4 


160 
2100 

•   •   • 

al. 


210 

5 

20 

8. 


▼.  8. 

•   ■   • 

V.  8. 
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TABLE  OF  SOLUBILITIES.— Om/ifittcrf. 


Medicinal  Scbstancks. 

One  part  ia  soluble  In 
[at  69°  F.  (15°  C.)  U.  8.  P. 
Standard  Temperature.] 


Narceine,  Hydrochlorate,   . 

Narcotine, 

Nickel  Acetate, 

Bromide, 

Nitrate, 

Phosphate, 

Sulphate, 

Nicotine,   .  .  '. 

Hydrochlorate,   .  .   . 

Nitroglycerin, 

Orexin,      

Pancreatin, 

Papaverine,         

Paraffin, 

Paraldehyde, 

Pelletierine,     

Tannate, 

Pepsin,  

Petrolatum,      

Phenaoetin, 

Phenocoll  Hydrochlorate,  . 
Phenyl  Hydrazine,    .... 

PhoBphorus, 

Phynostlgmine, 

Salicylate, 

Sulphate, 

Picrotoxin, 

Pilocarpine, 

Hydrochlorate,   .  .   . 

Hydrobromate,   .  .   . 

Nitrate, 

Sulphate, 

Pfpenuine, 

Plperln,     

PoHdophyllin, 

Potassa,  Sulphurated,  .  .  . 
Potassium  Acetate,    .... 

Arseniate, 

Arsenite, 

Benzoate, 

Bicarbonate 

Bichromate,     .   .  .   . 

Bisulphate, 

Bisulphite,        .   .   .   . 

Bitartrate, 

Bromide, 

Carbonate, 

Chlorate, 

Chloride, 

Citrate,  .  .    

Cyanide, 

Ferricyanlde,  .   .   .   . 

Ferrocyanide,      .   .   . 

Hydrate, 

Hypophosphite,  .  .   . 

loclide, 

Nitrate, 

Nitrite, 

Oxalate, 

Permanganate.    .  .   . 

Phosphate, 

Salicylate,     

Sulphate, 

Tartrate, 

and  Sodium  Tartrate, 

Pyoktanin, 

Pyridine, 

Nitrate,      

Sulphate 

I^yrodine  Hydrochlorate,    . 

Pyrogallol, 

Quinidine,        

Hydrochlorate,   .  .   . 


Parts  of 


Water. 


n. 


n. 


n. 
n. 


s. 
ins. 

6 

s. 

2 
ins. 

4 
V.  s. 
▼.  s. 
ins. 

•      «      ■ 

s. 

ins. 

ins. 

8.5 

Y.  8. 

700 

100 

ins. 

Te 

sp. 

ins. 

sp. 

130 

s. 

240 

s. 

V.  s. 

s. 

9 

s. 

V.  s. 

ins. 

ins. 

2 

0.36 

5.3 

V.  s. 

V.  s. 

3.2 

10 

2 

V.  s. 

201 

1.6 

1.1 

16.7 

3 

0.6 

2 

4 

4 

0.5 

0.6 

0.75 

3.8 

V.  s. 

s. 

16 

s. 

8. 

9.5 
1 

1.4 

75 

a. 

V.  s. 

V.  s. 

sp. 

1.7 
2000 

27 


Alcohol. 


V.  s. 

80 
ins. 

s. 

s. 

•  ■      ■ 

ins. 
V.  s. 
V.  B. 
▼.  8. 

s. 

ins. 

sp. 

ins. 

a. 
V.  s. 

80 
ins. 
ins. 

16 

•  •      • 

V.  s. 

s. 
▼.  s. 

12 

•  •       ■ 

9 

T.  8. 
V.  S. 

8. 

40 
s. 


s. 
sp. 
1.9 

25 
sp. 

n.  ins. 
ins. 
ins. 

•      •      • 

sp. 

200 

ins. 

sp. 

8. 

sp. 

sp. 

sp. 

ins. 

2 

7.3 

18 

sp. 


dec. 

•      •      * 

s. 

ins. 

ins. 

n.  ins. 

12 

V.  8. 

sp. 

V.  8. 
V.  8. 

1 

20 
V.  s. 


Ether. 


35 

8. 


ins. 

8. 

ins. 

8. 


s. 

8. 

a. 

V.  8. 

•        «        • 

ins. 


V.  8. 

80 

V.  8. 


6l. 
8. 

n.  ins. 

•      «      • 

8. 
8. 


Bl. 

sp. 

■        •        • 

ins. 


ins. 
ins. 


ins. 
ins. 
ins. 
ins. 
ins. 


si. 

•      •      • 

ins. 
ins. 


ins. 

■      ■      • 

ins. 
ins. 
ins. 
ins. 
ins. 

Y.  8. 


ins. 

1.2 

30 

ins. 


Chloroform.    Glycerin. 


3 


8. 
S. 

•         •         • 

V.  8. 

■        «        • 

ins. 

s. 


V.  8 

8 


Sl 

S 

n.  ins 

8. 


500 


30 
30 

3.5 


2.5 


60 


TABLE  OF  SOLUBILITIES.-.am<inii«f. 


Mbdicival  Sumtamoes. 

One  part  is  solable  in 
[at  590  F.  (16°  C.)  U.  S.  P. 
SUndard  Temperature.] 


Quinidine  Sulphate, . 
Quinine 

Acetate, .... 

Arsenlate,     .  . 

Aisenite,    .  .  . 

Benzoate,  .  .  . 

Bisulpbate,   .  . 

Hydrobromate, 

Hydrochlorate, 

Hypopboephite, 

Lactate, .... 

Phosphate,    .  . 

Salicylate,     .  . 

Sulphate,   .  .  . 

Tannat«,    .  .  . 

Valerianate,  .  . 
Quinoline  Nitrate,     . 

Salicylate,  .  .  . 

Tartrate,    .  .   . 

Resin, 

Besorcin, 

Retinol, 

Saccharin, 

Sallcin, 

Salol, 

Sanguinarine,  .... 

Nitrate.  .  .  .  < 

Sulphate,  .  .  . 

Santonin,  

Scoparine, 

Silver  Acetate,    .  .   . 

Bromide,  .  .   . 

Chloride,   .  .  . 

Cyanide,    .  .   . 

Iodide,   .... 

Nitrate, .... 

Oxide,    .... 

Sulphate,  .  .  . 
Sodium  Acetate,     .  . 

Arsenate,  .  .  . 

Arsenite,   .  .  . 

Bensoate,  .   .   . 

Bicarbonate,    . 

Bisulphite,    .  . 

Borate.  .... 

Bromide,   .  .  . 

Carbonate,    .  . 

Chlorate,    .  .   . 

Chloride,  .  .   . 

Citrate,      .  .  . 

Formate,  .  .  . 

Hydrate,   .  .  . 

Hypophosphlte, 

Hyposulphite, 

Iodide,   .... 

Lactate, .... 

Nitrate, .... 

Nitrite, 


Phosphate,    .  . 
Pyrophosphate, 
Salicylate,     .  .   , 
Santoninate,    . 
Sulphate,  ... 
Sulphide,  .  .  .  , 
Sulphite,    ... 
Sulphocarbolate, 
Tartrate,    .  .  . 
Valerianate,     . 

Solanine, 

Sosal, 

Sparteine,     

Sulphate,  ... 

Spermaceti,     .... 


Pakts  of 

Water. 

Alcohol. 

Ether.   Chic 

»rofonn. 

Glycerin. 

100 

8 

n.  ins. 

14 

•    a    • 

1670 

6 

28 

6 

200 

600 

7 

•   •   • 

•   • 

sp. 

•   ■   • 

•  •   • 

•   • 

8& 

16 

•   •   ■ 

26 

•   •   • 

8 

•   • 

10 

82 

ins. 

•   a 

M 

0.6 

6 

12 

e 

u 

84 

8 

ins. 

9 

46 

10 

•   ■   • 

»    ■    a 

8 

s. 

a   •   ■ 

■    «    ■ 

700 

si. 

■   •   « 

a    a 

226 

20 

120 

▼.  8. 

740 

66 

sL 

680 

40 

n.  ins. 

Bl. 

•   •  * 

1    a    a 

185 

100 

5 

8. 

■    «    • 

V.  8. 

V.  & 

ins. 

P   •    • 

100 

«   •   • 

•   ■   • 

»    a    a 

8. 

■   •   ■ 

«   •   • 

1    a    • 

ins. 

s. 

8. 

8. 

0.6 

a6 

Y.  8. 

Bl. 

▼.  8. 

ins. 

ins. 

sol. 

»    a    a 

« 

280 

80 

0.8. 

»    a    a 

8. 

28 

30 

n.  ins.     n. 

ins. 

n.  ins. 

10 

0.8 

▼.  8. 

ins. 

T.  8. 

V.  8. 

8. 

n.  ins. 

•   •   ■ 

•  •  •           i 

1   a   ■ 

s. 

8. 

«   •   •           1 

1   •   a 

6000 

40 

140 

4 

n.  ins. 

8. 

■   ■   ■ 

1   a   a 

100 

sp. 

■   «   • 

a    a 

ins. 

•   ■   • 

•   •   • 

a    • 

ins. 

•   •   • 

■   ■   • 

»    a    ■ 

ins. 

ins. 

■   «   • 

1    a    a 

ins. 

ins. 

•   •   • 

a    a 

0.6 

26 

•   •   • 

•    a 

n.  ins. 

ins. 

•   «   ■ 

a    a 

200 

•   •   « 

•   •   ft 

a    ■ 

1.4 

80 

ins. 

a    a 

4 

sp. 

■  «  • 

a    ■ 

2 

s. 

sp. 

•  •  • 

a    a 

1.8 

46 

ins. 

a    m 

11.8 

ins. 

ins. 

»    a    a 

18 

4 

72 

■  •  ■ 

^    ^ 

a 

16 

ins. 

ins. 

•    ■ 

2 

1.2 

13 

ins. 

a    a 

a 

1.6 

ins. 

ins. 

.  . 

1.02 

1.1 

100 

•  •   • 

a    ■ 

6 

2.8 

n.  ins. 

ins. 

ins. 

5 

▼.  s. 

•   •   • 

■   •   a                1 

.   . 

a    a    a 

s. 

•   •   ■ 

«   *   «                I 

a    a 

S. 

1.7 

V.  s. 

«   ■   •               ■ 

•    a 

1 

80 

ins. 

,    ^ 

065 

Ids. 

■  •  • 

•    a 

0.6 

8 

ins. 

a    a 

T.  8. 

▼.  8. 

ins. 

a    a 

1.8 

100 

ins. 

a    • 

1.6 

si. 

•  •  ■ 

a    a 

5.8 

ins. 

ins. 

a    a 

12 

ins. 

•  •  «           ■ 

a 

0.9 

6 

ins. 

a 

e 

\. 

8 

12 

ins. 

a    a 

2.8 

ins. 

ins. 

•    a 

a 

1. 

V.  s. 

si. 

•   •   • 

•    m 

4 

4.8 

m 

«   •   • 

t         •         » 

6 

ins. 

•   *   « 

k    ■    ■ 

V.  8. 

8. 

«   •   • 

i    a    a 

ins. 

400 

sL 

P    a    a 

V.  s. 

T.  8. 

•   •   • 

t    a    • 

1 

3. 

sp. 

V.  B. 

V.  8. 

▼.8. 

▼.  8. 

Y.  8. 

•   •   ■ 

»    a    a 

ins. 

n.  ins. 

S. 

8. 
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Medicikal  Substaxcrb. 

One  part  Is  soluble  in 
[at590F.(I8oa)U.  S.  P. 
Standard  Temperature.] 


Strontium  Bromide, 

Carbonate, 

Chloride, 

Iodide, 

Lactate,     

Nitrate, 

Salpbate, 

Strophanthin, 

Strychnine, 

Acetate,     

Hydrobromate,  .... 

Hydrochlorate,  .... 

Nitrate, 

Sulphate, 

Sugar,  Cane, , 

Milk, 

Sulpbonal, 

Sulphur  Iodide, 

Precipitated, 

Sublimed, 

Washed, 

Terebene, 

Terpin  Hydrate, 

Terplnol, 

Tetronal, 

ThalUne  Sulphate, 

Tartrate, 

Trimetbylamlne, 

Hydrochlorate,    .... 

Trional,     

Thymol, 

Uranium  Acetate, 

Chloride, 

Nitrate, 

Urea, 

Uretnane, , 

Urexine, 

Vanilla, 

Yeratrtne 

Hydrochlorate,   .... 
Zinc  Acetate, 

Bromide 

Carbonate,  Ftedpitated, 

Chloride, 

Cyanide, 

Iodide, 

I^iactate, 

Nitrate 

Oxide, 

Permanganate,    .... 

Phosphate, 

Phosphide, 

Salicylate,     

Sulphate 

Tannate, 

Valerianate, 


Parts  of 


Water. 


1.09 
si. 

2 
0.6 

4 

6 
sL 

s. 

6700 

75 

82 

no 

76 
50 

as 

6 

500 

ins. 

ins. 

ins. 

ins. 

si. 

250 

ins. 

Bl. 

7 
10 
s. 

8. 

820 

1200 

10 

8. 

▼.  «. 

1 

8. 

sp. 


SI 
V.  8. 

2.7 
▼.  s. 
ins. 

0.8 

1ns. 

V.  s, 

60 

V.  8. 

ins. 

V.  8. 

ins. 

ins. 

25 

0.6 

ins. 

100 


Alcohol. 


8. 

■  «        « 

20 

s. 

s. 
ins. 
ins. 

8. 

110 

«       •        • 

sp. 

•  •      • 

100 
109 
176 

ins. 

65 

sp. 

ins. 

ins. 

ins. 

8. 

10 

s. 

▼.  s. 

100 

ap. 

8. 

8. 

▼.  8. 

1 
8l. 

■  ■        • 

V.  8. 

Ins. 

•  •        • 

8. 

8 

▼.  8. 

86 

▼.  8. 

ins. 
▼.  8. 
ins. 

V    8. 

ins. 

8. 

Ins. 
▼.  8. 
ins. 
ins. 

8.5 
ins. 
ins. 

40 


Ether. 


si 


ins. 
ins. 


ins. 

Ins. 

ins. 

ins. 
125 
sp. 

8. 

8. 
8. 

■        •        • 

10 

8. 

8. 

Si. 

n.  ins. 


▼.8. 

0.8 


4 
ins. 

8. 

•  •        • 

8. 

6 

•  • 

ins 


8. 

V.  a 


86 

ins, 

•     • 

n.  ins. 


Chloroform.    Glycerin. 


7 
15 


ins. 
ins. 


8. 
8. 

B. 

200 


si. 


0,7 


8. 
8. 

2 


400 


80 
5 
8. 


60 


120 


2 


2.5 


explodes, 
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134.73 

59.86 

197.68 

376.10 

121.71 

61.78 

93.78 

516.28 

99.88 

209.50 

191.54 

187.66 

169.59 

127.63 

80.76 

36.37 

26.98 


Acetanilid, CUHjNH.CjHjO  . 

Acid,  Acetic, HC,H,0,  .... 

Arsenons, A8|0s 

Aurochloric, BAuCi^  +  2H,0 

Benzoic, HC7H5O]  .... 

Boric,      HjBOi 

Carbolic,     CH5OH    .... 

ChloropUtinic, ^PtCl«  +  6H,0 

Chromic, CrO, 

Citric, HjCHjOy  +  H,0 

"        dry, H,q,H,0,     .    .   . 

Gallic,     HCyHjO^  +  H.0 

"        dry, HC,HA  .... 

Hydriodic,      HI 

Hydrobromic, HBr 

Hydrochloric, HCl 

Hydrocyanic, HCN 

HydroBolpharic 

(See  Hydrogen  Sulphide). 

Hypophosphorons, HPHfO]    .... 

Lactic, HCHjC^  .... 

Nitric HNO, 

Oleic, HCigHatO,    .    .    . 

Oxalic,     .    .    .' HjC^O^  +  2H,0  . 

"       dry, H,C04 

Phosphoric, H,P04 

Picric,     q,H,(N0,)80H    . 

Pyroboric, ^AO^     .... 

Pyrogallic 

(See  Pyrogallol). 

Salicylic, HCyHjO,  . 

Stearic, HCigH^O, 

Salpharic, H,S04    *   > 

Snlphuroos, H^SOg    .   . 

Tannic, HCjAO^ 

Tartaric,     Bfi^Kfi^ 

Tetraboric 
(See  Pyroboric). 

Alcohol,  ethylic C^HjOH 46.90 

"        methylic, CH,OH 31.93 

Aldehyde,  ethylic, CjH^O 43.90 

Alnm 

(See  AluminQm  and  Potaaeiam  Sulphate). 

Aluminum  Hydrate, A1,(0H), 155.84 

A1,K,(804)4  +  24H,0 946.46 

A1,K,(S04)4      615.42 


66.88 

89.79 

62.89 

281.38 

125.70 

89.78 

97.80 

228.57 

157.32 


137.67 
283.38 
97.82 
81.86 
321.22 
149.64 


(C 


and  Potassium  Sulphate, 

dry. 


Sulphate, 


Ammonia,     .... 
Ammonium  Acetate, 


dry, 


A1,(S04),  +  16H,0 628.90 

A1,(S04)8 341.54 

NH, 17.01 

NH4C,H,0, 76.87 


•U.S.  Phannaoopceia,  1890. 
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it 

a 
a 
n 
a 
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Ammonium  Araeniie  (Metanenite),    .    .    .  NH4A8O3 124.83 

"  Benzoate, NH4C7H8O, ....  138.72 

"•  Bromide, NH4Br 97.77 

'^  Carbonate  (normal),      ....  (NH4),GOs 95.87 

"         (U.S.P.),     ....  NH4H0Oj.NH4NH,0O,     ....  156.77 

"  Chloride, NH4CI 63.38 

Citrate, (NH4),(iH50j 242.57 

Iodide, NH4I         144.54 

Lactate, NH4CSH5O, 106.80 

Molybdate, (NH4)aMo04 195.76 

Nitrate, NH4NO, 79.90 

Oxalate,      (NH4),C^04  -f  H,0 141.76 

"        dry,      (NH4),C,04 123.80 

"  Phosphate,      (NH4),HP04 131.82 

**  SalicyUte, NH4C,H50j 154.68 

"  Sulphate, (NH4)^4 131.84 

"  Salphhydrate, NH4H8 60.99 

Sulphide, (NH4)^ 68,00 

"  Tartrate,     (NH4),C4H40« 183.66 

**  Valerianate, NH4C5H8O, 118.78 

Amyl  Nitrite, CjHiiNOi 116.78 

Antimony  Oxide  (Trioxide), Sh,0, 287.08 

"        and  Potassium  Tartrate,     .    .    .  2K(SbO)C4H40e  +  H,0    .   .   .   .662.42 

•*  *'  **        dry,     .  K(8b0)C4H40e 322.23 

"        Sulphide, Sb^ 335.14 

Apomorphine  Hydrochlorate, C,7H„N0,HC1 302.79 

Arsenic  Iodide, AjbI, 454.49 

**       Trioxide 

(See  Acid,  Anenous). 

Atropine, C„HmNO, 288.38 

Sulphate, (C„H„N0,),HjS04 674.58 

Barium  Carbonate, BaCO, 196.75 

"       Chloride, BaCl,  +  2H,0    ........  243.66 

"  "         dry, BaCl, 207.64 

**       Dioxide, BaO, 168.82 

"       Hydrate, Ba(OH), 170.82 

"       Nitrate, Ba(NO,), 260.68 

Benzol  (Benzene), C^H^ 77.82 

Bismuth  Citrate, BiC^HsO^ 397.44 

''        Subcarbonate  (approximately),    .  (BiO),CO, 509.57 

**        Subnitrate  (approximately),     .    .  BiONOgiOH), 304.71 

Boron  Trioxide, B^Oj  .    : 69  68 

Brucine, CnH^NA  +  4H,0 465.01 

"        dry, Q«H«NA 393.17 

Caffeine, CgHjoN*©,  +  H,0 211.68 

dry, C8H10N4O, 193.72 

Calcium  Bromide CaBr, 199.43 

**        Carbonate, OaCO, 99.76 

**        Chloride, CaCl,  -\-  6H,0 218,41 

**  **         dry, CaCl, 110.65 

"        Hydrate, Ca(OH), 73.83 

"        Hypophosphite, Ca(PHA*)« 16^«7 

"        Oxide CaO 66.87 

**        Phosphate, Ca8(P04),      309.33 

Sulphate  (Gypsum), CaS04  +  2H,0 171.65 

"       dry CaS04 135.73 

Sulphide  (Monosulphide),     .    .    .  CaS 71.69 

Camphor, C,oH,eO 161.66 

"        Monobromated,       C^oHisBrO 230.42 

Carbon  Disulphide, CS, 75.93 

Cerium  Oxalate, Ce,(C,04),  -\-  9H,0 704.78 

"        dry,      Ce,(C,04)s 543.14 

Chloral  Hydrate C,HC1.,0  +  H,0 164.97 

"       anhydrous,     QHClgO 147.01 


it 


Chlorofonu CHCl, 119.08 

CiDchonidine  Sulphate, (C„H^N,0),H,SOj  -i-  3H,0     .    .  738.50 

diy, (C»H„N,Of,H^, 6W.62 

CiDCbonine, C„H„N^ 293.il 

Salplwt* tC„HnN,0),H^.  +  2H,0     .    .  720.54 

dry, (C,ji„N,0),H30, 884.62 

Cobaltons  Nitrate CoifNO.),  +  eH,0 2tK).14 

Cocaine  Hydrocblorete, C„H„N0,HC1 338.71 

Codeine, C„H„NO,  -|-  H,0 316.31 

Codeine,  dry, C„HiNO, 898.35 

Cnpric  Ammonium  Solphata, Ca{NH,),SO|  +  H,0 245.00 

"       Sulphate, .  CuSO,  +  5H,0 248.80 

dry, CuSO, 159.00 

"      Tartrate. CaC.H.Q,  +  311^ 964.70 

Diphenylamine, (t:;H,),NH 1B8.65 

Elaleriu, C«)HaO( 347.20 

Ether, 

(See  Etb jl  Oilde). 

EthyL  Acetate, C,B,C,H,0, B7.80 

"     Nitrite, C,H,NO, 74.B7 

■'     Oxide  (.^her,  U.aP.) (C,Hi)tO 73.84 

Eucalyptol, C,oHigO I53.66 

Ferric  Acetate,     Fe,{C,H,0,), 464.92 

"     Ammonium  Sulphate, Fe,(NH,),(SO,),  +  24H,0    .   .   ,962.10 

dry,     ...    .  Fe,(NH,),(S04l, 531.06 

"     Chloride, Fe,CI.  +  J2H,0 539.50 

dry, Fe,C1. 333.98 

"      Hydrate, Fe,IOH), 213.52 

"     Hypwhoephitei, Fe,(PH,0,), 501.04 

"      Nitrate,      Pe,(NO,j. !ie3.10 

"     Oxide, Fe,0, 159.64 

"     Phosphate  (Dormal,  D0tU.8.P.),  .   .  Fe,(PO,), 301.36 

"      Pyrophaephate  (normal,  not  U.8.P),  Fe,(P^), 744.44 

"     Snbsnlphate  (variable) 

"      Sulphate, Fei(S04), 399.20 

"      VnleriBDBte  (variable) 

Ferroas  Bromide, FeBr, 215.40 

■'       Carbonate FeCO, 115.73 

"       Iodide, Fel, 30a»4 

"       Lactate, Fe(C;H,0,),  +  3H,0 287.34 

"      Sulphate, FeSO.  +  7H^ 277.42 

"         dry, Peso, 151.70 

"      Sulphide, FeS 87.66 

Glucoae 

{SeeHug«r,  (J«pe). 

Glycerin. QH,(OH)j 91.79 

Glyceryl  Trinitrate, C,H,(NQ,), 226.58 

Gold  Chloride, AuCl, 302,81 

Hydrastiniae  Hydrocblorate, C„H„NO,HCI 224.97 

Hydrogen  Dioxide, H^, 33.93 

Sulphide,    ....*, H^ 33.98 

HyoBcine  Hydrobroroatei, C„H„NO,HBr  +  3H,0    .   .    ,   ,  436.98 

"  dry, C„H,|NO,HBr 383.10 

Hyoecyamine  Hydrobromate, C„HnNO,HBr     .    .       369.14 

Sulphate,      (C,,H„NO,),H^, e74..'>e 

lodoforin, CHI»      392.56 

Lead  Acetate, Pb(C,H,0,l,  +  3H,0 376.00 

"         "       dry, Pb(C,H,0,), 324.12 

"    Carbonate {PbCO,),Pb(OH), 772.82 

"    Iodide,     Pbl, 459.46 

"     Nitrate, Pb(NO,), 330.18 

"    Oxide PbO 222.36 

"    Subocetate  (approximately),   ....  Pb^C,H,0,), 546.46 
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{See  C>]clBBi  Ollda). 

Lithinin  Benramte, LiC,HiO, 127.73 

"         Bromide, LiBr 86.77 

Carbonate, Li,CO, 73.87 

atrate LJA^O, 209.57 

SalicyUte, LiC,HiO|, 143.68 


(»«  Magnaalum  Oilds). 
MagneaiDm  Carboiiato  (appiozimatolj).     .  (HgCX^,Mg(OH),  +  6H,0     .    .  484  62 

Oxide, MgO 40.26 

Sulphate, ■.  MgSO.  +  7H,0 945.84 

"  "        dry, MgSO, 120.12 

Uaogauese  Dioxide, HnO, 66  72 

Mangaoous  Solphate, UnSOt  +  4H,0 2S3.49 

"  "         dry, 150.62 

Hentbol, 156.66 

Mercnric  A  mmoninin  Chloride, 251.18 

"         Chloride, 270.64 

pysnide, 251.76 

"         Iodide, 452.66 

"        Niti»te, 323.68 

■'        Oxide aiS.7« 

«         PotaaaiDiii  Iodide, 783.98 

"        Snbealphate, 727.14 

MercDitias  Chloride, 470.34 

Iodide, «52.6« 

"         Nitrate,     I 668.30 

Methyl  Salicylate 1S1.S4 

Morphine,      302.34 

dry, 264.38 

Acetate, V  3H,0    .    .    .  396.12 

Hydrochlorate, H,0     .    .    .    .  374.63 

"  "  dry, 320.74 

"       Snlphate, +  SH/) .   .   .766.38 

dry, 666.56 

Naphtalin, 127.70 

Naphtol, 143.66 

Nitrogen  Woiide, 28.97 

Nitn^yceriu 

ISk  Olrcsrjl  TfiDllnOO. 

ParaWebyde, C,H„0, 131.70 

Phenol 

(S«  Add,  Carbolic). 

PhysoBtigmlne  Salicylate C,sH„N,0,C,H,0, 412.08 

Salphate. (Ci,H„NA)A80( 834.28 

PicrotoniD CnHwO,, 600.56 

Rlocarpine  Hydrochlorate C„H„N,0,Ha S4a9e 

Piperine, C„H,^0, 284.34 

Platinio  Chloride, Pfcl,     335.78 

(See  Pounium  Hydnte). 

Potaasinm  Acetate KC,H,0, 97.69 

"         Araeoite  (Metaraenite) KAsO, 145.66 

Benisoate, KC,HA  +  SHjO 213.62 

dry, KC,H,0, 159.74 

Bicarbonate, KHCO, W-SS 

"        Bichromate 

<Se«  Dtehroniate). 

"         Bitartnite,      KHC,HiO^ 187.67 

"         Broinate, KBrO, 168.67 

"         Bromide KBr 118.79 

Carbcmate, K.CO, 137.91 


[ypopbospbitc 
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n  Chlorale, KCIO, 132.38 

Chloride, KCl 74.40 

Cbromate, K,CrO, 1S3.90 

Citrate, K.C,H(0,  +  H,0 323.59 

"       dry, KjC,HsO, 305.63 

Cyimide, KCN     65.01 

Dichromata Kfirfi, 393.78 

FerricfMiide K,FeiCN)„ 657.70 

Ferrocjanide, K,Fb(CN),  +  3H,0 421.76 

dry, K,Fe(CN), 367.88 

Hydrate, KOH 55.99 

"        ■       ■  ■■  ....  KPHjO, 103.91 

.    ,    .   .  KI      165.56 

,   .   .  .  KC,H,0, 127.83 

"        Nitrate KNO, 100.92 

"         FermangHiute,      KMnO,      157.67 

"        Pbosphftte, K,HPO, 173.86 

SalicyUte KC,Hi<^ 175.70 

"         and  Sodinm  Tartrate,      .   .    .   .  ENaC,H,0,  +  4H,0 381.51 

"        "  "       dry,  .   .   .  KNaC(H,0, 209.67 

Bnlphat«, K,SO, 1TJ.88 

"         Sulphite K,SO,  +  2H,0 193.84 

"  "       diy, K^SO, 157.92 

Snlplmcyaiiate,      KSCN 98.99 

"         Tartrate, 2K,C,H,0,+ H,0 469.36 

dry, KAH,0, 225.70 

Piopenyl  Trinitrate 

(3m  alTCeryl  TilDlltMc). 

Pyrogallol 125.70 

(Jmiiirtiue  Snipliate, +  3H,0    .    .  780.42 

dry, 744.50 

Qoinine 377.22 

dry .    .    .323.34 

"       Bisnlphate 7H,0    .   .    .  546.88 

dry, 412.16 

"        Hydrobramate, [fi     .    .    .    .  432.06 

"  "  dry 404.10 

Hydrochlorate,     t^O    .   .   .  .  395.63 

"  dry,      359.71 

Sulphate, +  7H,0    ,    .  870.32 

dry, 744.50 

"        Vileiianate, \-  H,0   .    .    .  443.07 

RenorciD 109.74 

Salidn, 385.33 

8aloI 213.49 

BADtonin, 245.43 

Silver  Cyanide, .  133.64 

"      Iodide, Agl 234.19 

"      Nitrate, AkNO, 169.55 

"     Oxide Ag,0      331.28 

"     Sulphate, AfcSO, 311.14 

Soda 

{S«  Sodium  HrdnK). 

Sodium  AoeUte, NaC-H-O,  +  3H,0 135.74 

"        dry NaC,H,0, 81.86 

"        AtsenaU Na,HAiO,  +  7H,0 311.48 

dry. Na,HABO, 185.74 

Araenite  (Hetaraenite), NsAbO, 129.82 

"        Benaoate, NbCiHsO, 143.71 

Bicarbonate,      NaHO^ 83.85 

Bisulphite, NaHSO, 103.86 

Bitartrate, NaHC,H,0,  +  H,0 189.60 

"         Borate, Na,B.O,  +  10H,O 380.92 
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Sodiani  Botste,  dry, Nii,B.O, 301.33 

Bromate NaBiOi 150.«4 

Bromide HaBr 102.76 

Carbouate, Na,CO,  +  10H,O 285.45 

diy Na,CO, 105.85 

Chlorate, NaClO, 106.25 

Chloride, NaO 56.37 

atrato, aN«,C,H,0,  +  11H,0 712.64 

"      dry, Na,C,HsO, 257.54 

Cobaltic  Nitrite Co,(N0,).eNaNO,  +  H.O    .   .    ,  824.32 

Hydrate, NaOH 39.96 

HypopboBi^ite, N«PH,0, 105.84 

Hyposolphile, NbAOi  +  5H,0 247.64 

dry, NaAO, 157.84 

Iodide, Jfal 149.53 

Lactate,     NaC;H,0, 111.79 

Nitrate, NaNOi 84.89 

Nitrite NaNO, 68.93 

Nitropniwide, Na,Fe(NO)(CN),  +  2H,0    .    .   .  a»7.67 

Phoaphate,     . Na.HPO^  +  12H,0 357.33 

dry, Na,HPO, 141.80 

Pyrophoepbate, Na,P,0,  +  10H,0 445.24 

"  dry, Na.P,0, 265.64 

SaUCTlate,     flaC,Bfi, ' .  159.67 

8ulph»te, Na^j  +  10H,O 321.42 

"        dry, Na^i 141.82 

Sulphite, N^SO,  +  7H,0 251.58 

''         dry, N%8(^ 135.86 

Bnlpbocarbolate, NbS(^C,H,(OH1  +  2H,0     .    .   .  231.66 

Tartrete NsiCiHiOi  +  2H,0 229.56 

Thimnlphate 

(S«  UrpowlpblM). 

SpariAiDe  Bolpbato C„HmN,H^,  +  4H,0    ....  403.33 

drv, C,.IViH^. 331.39 

SUnnona  Chlorid^  .  .' SdCI,  +  2H,0 225.46 

StroQtiDm  Bromide, SrBr,  +  6H,0 354.58 

"         diy, SrBr, 246.82 

Iodide, ~  "        448.12 

"dry, 340.38 

"        Lactate,  ....  ) 318.76 

"  "dry 264.88 

StirchniDe, 333.31 

Snlphate, +  6H,0    .   .  854.24 

'■  ••        diy 7«-« 

Sugar,  Cane,     341.20 

^    Grape, 179.58 

"      MilsT 359.16 

Snlphnr  Dioxide 6190 

Terebeoe, 135.70 

TerpiD  Hydrate, ' 189.5a 

Thioeinamiiie, 115.88 

,  Thymol, Ci,H„0 149.66 

Water, H,0 17.96 

Zinc  Acetate, Zu(C,H,0,).  +  2H,0 218.74 

diy, Zn(C,H,0,'i 182.82 

"    Bromide.      ZnBr, 224.62 

"    CiTbonate(iiormal,iiotU.8.P.),  .    .    .  ZnCO, 124.95 

'■    Chloride, ZnCl, 135.84 

"   Iodide,      Znl, 3iai8 

"   Oitide, ZnO 81.06 

"    Phosphide, Zii,P, 257.22 

"   Sulphate, ZnSO,  +  7H,0 286.64 

dry ZdSO, 160.92 

"    Valerianate, Zii(C(H,0,),  +  2H^ 302,36 


TABLE  OF  THERMOMETRIC  EQUIVALENTS/ 

AOOOBDINO  TO  THB  CBNTIGBADS  AMD  FaHRKNHBIT  ScALBS. 


Oiveo            Sought 

Given 

Sought 

Centigrade:    Fahrenheit: 

Fahrenheit:      Centigrade: 

fl<»C. 

=  **    +32 
5    ^ 

n<>F. 

5(n«»- 
9 

-32) 

c.« 

P.o 

C.o 

1 
P.«     ! 

i 

C.o 

P.o 

1 

C.*> 

P.*> 

—40 

—40 

—39.4444 

—39 

—24.4444 

—12 

—9.4444 

15 

0.5556 

33 

—39 

—38.2 

—24 

—11.2 

—9 

15.8 

1 

33.8 

—38.8889 

-38 

—23.8889 

—11 

-^.8889 

16 

1.1111 

34 

—38.3333 

—37 

—23.3333 

—10 

—8.3333 

17 

1.6667 

35 

—38 

—36.4 

—23 

—9.4 

— 8 

17.6 

2 

35.6 

—37.7778 

—36 

—22.7778 

—9 

—7.7778 

18 

2.2222 

36 

—37.2222 

—35 

—22.2222 

— 8 

—7.2222 

19 

2.7778 

37 

—37 

—34.6 

—22 

—7.6 

—7 

19.4 

3              ! 

37.4 

—36.6667 

~34 

—21.6667 

—7 

—6.6667 

20 

3.3333     1 

38 

—36.1111 

—33 

—21.1111 

— 6 

—6.1111 

21 

3.8889 

39 

—36 

—32.8 

-21 

—5.8 

— 6 

21.2 

4 

39.2 

—35.5556 

—32 

—20.5556 

5 

—5.5556 

22 

4.4444 

40 

—35 

—31 

—20 

— * 

1 

23 

5 

41 

—34.4444 

—30 

—19.4444 

—3 

—4.4444 

24 

5.5556 

42 

—34 

—29.2 

—19 

—2.2 

1—4 

24.8 

6 

42.8 

—33.8889 

—29 

—18.8889 

2 

—3.8889 

25 

6.1111 

43 

—33.3333 

—28 

—18.3333 

— 1 

—3.3333 

26 

6.6667 

44 

—33 

—27.4 

—18 

—0.4 

— 3 

26.6 

7 

44.6 

—32.7778 

—27 

—17.7778 

0 

—2.7778 

27 

7.2222 

45 

—32.2222 

—26 

—17.2222 

1 

—2.2222 

28        I 

,     7.7778 

46 

—32 

—25.6 

—17 

1.4 

—2 

28.4 

1     8 

46.4 

—31.6667 

—25 

—16.6667 

2 

—1.6667 

29 

8.3333 

47 

—31.1111 

—24 

—16.1111 

3 

— l.llll 

30 

8.8889 

48 

31 

—23.8 

—16 

3.2 

—1 

30.2 

9 

48.2 

—30.5556 

23 

—15.5556 

4 

—0.5556 

31 

9.4444 

49 

—30 

22 

—15 

5 

!   —0 

32 

10 

50 

—29.4444 

—21 

—14.4444 

6 

1 

10.5556 

51 

—29 

—20.2 

—14 

6.8 

j 

11 

51.8 

—28.8889 

—20 

—13.8889 

7 

1     11.1111 

52 

-28.3333 

-19 

—13,3333 

8 

11.6667 

53 

—28 

—18.4 

—13 

8.6 

12 

53.6 

—27.7778 

—18 

—12.7778 

9 

12.2222 

54 

—27.2222 

—17 

—12.2222 

10 

12.7778 

55 

—27 

—16.6 

—12 

10.4 

13 

55.4 

—26.6667 

—16 

—11.6667 

11 

13.3333 

56 

—26.1111 

—15 

—11.1111 

12 

1 

13.8889 

57 

—26 

—14.8 

—11 

12.2 

14 

57.« 

—25.5556 

-14 

—10.5556 

13 

14.4444 

58 

—25 

—13 

—10 

14 

I 
1 

15 

1 

!  59 

*  Taken  from  U.  8.  Pharmacopoeia,  1890. 
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TABLE  OF  THERMOMETRIC  EQUIVALENTS.— Om/intted, 


C 


P.*> 


29.4444 
30 


85 
86 


C 


P.< 


C.< 


C.< 


15.5556 

60 

16 

60.8 

16.1111 

61 

16.6667 

62 

17 

62.6 

17.2222 

63 

17.7778 

64 

18 

64.4 

18.3333 

65 

18.8889 

66 

19 

66.2 

*19.4444 

67 

20 

68 

20.5556 

69 

21 

69.8 

21.1111 

70 

21.6667 

71 

22 

71.6 

22.2222 

72 

22.7778 

73 

23 

73.4 

23.3333 

74 

23.8889 

75 

24 

75.2 

24.4444 

76 

25 

77 

25.5556 

78 

26 

78.8 

26.1111 

79 

26.6667 

80 

27 

80.6 

27.2222 

81 

27.7778 

82 

28 

82.4 

28.3333 

83 

28.8889 

84 

29 

84.2 

30.5556 

87 

31 

87.8 

31.1111 

88 

31.6667 

89 

32 

89.6 

32.2222 

90 

32.7778 

91 

33 

91.4 

33.3333 

92 

33.8889 

93 

34 

93.2 

34.4444 

94 

35 

95 

35.5556 

36 
36.1111 
36.6667 

37 
37.2222 
37.7778 

38 
38.3333 
oo«oOo9 

39 
39.4444 

40 


40.5556 
41 

41.1111 
41.6667 

42 
42.2222 
42.7778 

43 

43.3333 
43.8889 

44 
44.4444 

45 


45.5556 
45 

46.1111 
46.6667 

47 
47.2222 
47.7778 

48 

•  48.3333 
48.8889 

49 
49.4444 

50 


50.5556 

51 
51.1111 
51.6667 

52 

52.2222 
52.7778 

53 
53.3333 
53.8889 

54 
54.4444 

55 


96 

96.8 
97 
98 

98.6 
99 
100 

100.4 
101 
102 

102.2 
103 
104 


105 

105.8 
106 
107 

107.6 
108 
109 

109.4 
110 
111 

111.2 
112 
113 

114 

114.8 
115 
116 

116.6 
117 
118 

118.4 
119 
120 

120.2 
121 
122 


55.5556 

56 
56.1111 
56.6667 

57 

57.2222 
57.7778 

58 

58.3333 
58.8889 

59 
59.4444 

60 

60.5556 

61 

61.1111 
61.6667 

62 

62.2222 
62.7778 

63 

63.3333 
63.8889 

64 
64.4444 

65 


123 

I     123.8 

124      , 
i  125 
I     125.6 

126 

127 
127.4 

128 

129 
129.2 

130 

131 


70.5556 

71 
71.1111 
71.6667 

72 

72.2222 
72.7778 

73 
73.3333 
73.8889 

74 
74.4444 

75 


132 

132.8 
133 

134  ; 
184.6   I 

135  , 

136  'l 
136.4  I 

137  I 
138 

138.2   , 
139 
140      i 


141 

141.8 
142 
143 

143.6 
144 
145 

145.4 
146 
147 

147.2 
148 
149 


75.5556 

76 

76.1111 
76.6667 

77 

77.2222 
77.7778 

75 

78.3333 
78.8889 

79 
79.4444 

80 

80.5556 

81 

81.1111 
81.6667 

82 

82.2222 
82.7778 

83 
83.3333 
83.8889 

84 
84.4444 

85 


65.5556 

150 

66 

150.8 

66.1111 

151 

66.6667 

152 

67 

152.6 

67.2222 

153 

67.7778 

154 

68 

154.4 

68.3333 

155 

68.8889 

156 

69 

156.2 

69.4444 

157 

70 

158 

159 

159.8 
160 
161 

161.6 
162 
163 

163.4 
164 
165 

165.2 
166 
167 


85.5556 

86 
86.1111 
86.6667 

87 
87.2222 
87.7778 

88 

88.3333 
88.8889 

89 
89.4444 

90 


90.5556 

91 
91.1111 
91.6667 

92 
92.2222 
92.7778 

93 
93.3333 
9o»Ooo9 

94 
94.4444 

95 


P.< 


168 

i6a8 

169 
170 

170.6 
171 
172 

172.4 
173 
174 

174.2 
175 
176 

177 

177.8 
178 
179 

179.6 
180 
181 

181.4 
182 
183 

183.2 
184 
185 

186 

186.8 
187 
188 

188.6 
189 
190 

190.4 
191 
192 

192.2 
193 
ld4 

195 

196.8 
196 
197 

197.6 
198 
199 

199.4 
200 
201 

201.2 
202 
203 
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TABLE  OF  THEBMOMETRIC  EQUIVALENTS.— a»<t»ti«l. 


C.o 

P.<» 

C.o 

P.« 

C.o 

P.*» 

c.o 

P.o 

95.5556 

204 

115.5556 

240 

135.5556 

276 

156.5556 

312 

96 

204.8 

116 

240.8 

136 

276.8 

156 

312.8 

96.1111 

205 

116.1111 

241 

136.1111 

277 

156.1111 

313 

96.6667 

206 

116.6667 

242 

136.6667 

278 

156.6667 

314 

97 

206.6 

117 

242.6 

137 

278.6 

157 

314.6 

97.2222 

207 

117.2222 

243 

137.2222 

279 

157.2222 

315 

97.7778 

208 

117.7778 

244 

137.7778 

280 

157.7778 

316 

98 

208.4 

118 

244.4 

138 

280.4 

158 

316.4 

98.3333 

209 

118.3333 

245 

138.3333 

281      , 

158.3333 

317 

98.8889 

210 

118.8889 

246 

138.8889 

282 

158.8889 

318 

99 

210.2 

119 

246.2 

139 

282.2  ; 

159 

318.2 

99.4444 

211 

119.4444 

247 

139.4444 

283 

159.4444 

319- 

100 

212 

120 

248 

140 

284 

160 

320 

100.5556 

213 

120.5556 

249 

140.5556 

285 

160.5556 

321 

101 

218.8 

121 

249.8 

141 

285.8 

161 

321.8 

101.1111 

214 

121.1111 

250 

141.1111 

286 

161.1111 

322 

101.6667 

215 

121.6667 

251 

141.6667 

287 

161.6667 

323 

102 

215.6 

122 

251.6 

142 

287.6 

162 

323.6 

10:^.2222 

216 

122.2222 

252 

142.2222 

288 

162.2222 

324 

102.7778 

217 

122.7778 

253 

142.7778 

289 

162.7778 

325 

103 

217.4 

123 

253.4 

143 

289.4  ; 

163 

325.4 

103.3333 

218 

123.3333 

254 

143.3333 

290      ' 

163.3333 

326 

103.8889 

219 

123.8889 

255 

143.8889 

291 

163.8889 

327 

104 

219.2 

124 

255.2 

144 

291.2 

164 

327.2 

104.4444 

220 

124.4444 

256 

144.4444 

292 

164.4444 

328 

105 

221 

125 

257 

145 

293 

1 

165 

329 

106.5:)56 

222 

125.5556 

258 

145.5556 

294 

165.5556 

330 

106 

222.8 

126 

258.8 

146 

294.8 

166 

330.8 

106.1111 

223 

126.1111 

259 

146.1111 

295 

166.1111 

331 

106.6667 

224 

126.6667 

260 

146.6667 

296 

166.6667 

332 

107 

224.6 

127 

260.6 

147 

296.6 

167 

332.6 

107.2222 

225 

127.2222 

261 

147.2222 

297 

167.2222 

333 

107.7778 

226 

127.7778 

262 

147.7778 

298      i 

167.7778 

334 

108 

226.4 

128 

262.4 

148 

298.4  ! 

168 

334.4 

108.3333 

227 

128.3333 

263 

148.3333 

299     ; 

168.3333 

335 

108.8889 

228 

128.8889 

264 

148.8889 

300 

1 

168.8869 

336 

109 

228.2 

129 

264.2 

149 

300.2 

169 

336.2 

109.4444 

229 

129.4444 

265 

149.4444 

301 

169.4444 

337 

110 

230 

130 

1 

266 

150 

302 

1 

170 

338 

110.5556 

231 

130.5556 

267 

150.5556 

303 

170.5556 

339 

111 

231.8 

131 

267.8 

151 

303.8 

171 

:S39.8 

111.1111 

232 

131.1111 

268 

151.1111 

304 

171.1111 

340 

111.6667 

233 

131.6667 

269 

151.6667 

305 

171.6667 

341 

112 

233.6 

132 

269.6 

152 

305.6 

172 

341.6 

112.2222 

234 

132.2222 

270 

152.2222 

306 

1T2.2222 

342 

112.7778 

235 

132.7778 

271 

152.7778 

307      ! 

172.7778 

343 

113 

236.4 

133 

271.4 

153 

307.4  , 

173 

343.4 

113.3333 

236 

133.3333 

272 

153.3333 

308 

173.3333 

344 

113.8889 

237 

133.8889 

273 

153.8889 

309 

173.8889 

345 

114 

237.2 

134 

273.2 

154 

309.2 

174 

345.2 

114.4444 

238 

134.4444 

274 

154.4444 

310      , 

174.4444 

346 

115 

239 

135 

275 

155 

311     ; 

175 

347 
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C/ 


175.5556 

176 
176.1111 
176.6667 

177 

177.2222 
177.7778 

178 
178.3333 
178.8889 

179 
179.4444 

180 


180.5556 

181 
181.1111 
181.6667 

182 
182.2222 
182.7778 

183 
183.3333 
183.8889 

184 
184.4444 

185 

ia5.5556 

186 
186.1111 
1H6.6667 

187 

187.2222 
187.7778 

188 
188.3333 
188.8889 

189 
189.4444 

190 

190.5556 

191 
191.1111 
191.6667 

192 
192.2222 
192.7778 

193 
193.3333 
193.8889 

194 
194.4444 

195 


P.o 

C.« 

P.« 

C.*> 

P.« 

C.« 

P.« 

348 

195.5566 

384 

215.5556 

420 

235.5556 

m 

456 

348.8 

196 

384.8 

216 

420.8 

236 

456.8 

349 

196.1111 

385 

216.1111 

421 

236.1111 

457 

350 

196.6667 

386 

216.6667 

422 

236.6667 

458 

350.6 

197 

386.6 

217 

422.6 

237 

45a6 

351 

197.2222 

387 

217.2222 

423 

237.2222 

459 

352 

197.7778 

388 

217.7778 

424 

237.7778 

460 

352.4 

198 

388.4 

218 

424.4 

238 

460.4 

353 

198.3333 

389 

218.3333 

425 

2:^8.3333 

461 

354 

198.8889 

390 

218.8889 

426 

238.8889 

462 

354.2 

199 

390.2 

219 

426.2 

239 

462.2 

355 

199.4444 

391 

219.4444 

427 

239.4444 

463 

356 

200 

392 

220 

428 

240 

464 

357 

200.5556 

393 

220.5556 

429 

240.5556 

465 

357.8 

201 

393.8 

221 

429.8 

241 

465.8 

358 

201.1111 

394 

221.1111 

430 

241.1111 

466 

359 

201.6667 

395 

221.6667 

431 

1    241.6667 

467 

359.6 

202 

395.6 

222 

431.6 

242 

467.6 

360 

202.2222 

396 

222.2222 

432 

242.2222 

468 

361 

202.7778 

397 

222.7778 

433 

242.7778 

469 

361.4 

203 

397.4 

223 

433.4 

243 

469.4 

362 

203.3333 

398 

223.3333 

434 

243. 333:^ 

470 

363 

203.8889 

399 

223.8889 

435 

243.8889 

471 

363.2 

;  204 

399.2 

224 

435.2 

244 

471.2 

364 

204.4444 

400      1 

224.4444 

436 

244.4444 

472 

365 

205 

401      , 

'  225 

1 

437 

245 

473 

366 

205.5556 

402 

1 
225.5556 

438 

245.5556 

474 

366.8 

206 

402.8 

226 

438.8 

246 

474.8 

367 

206.1111 

403 

226.1111 

439      1 

246.1111 

475 

368 

206.6667 

404 

1    226.6667 

440 

246.6667 

476 

368.6 

207 

404.6  1 

227 

440.6 

247 

476.6 

369 

207.2222 

405 

227.2222 

441 

247.2222 

477 

370 

207.7778 

406 

227.7778 

442      j 

1    247.7778 

478 

370.4 

208 

406.4 

228 

442.4 

248 

478.4 

371 

208.3333 

407 

228.3333 

443 

248.3333 

479 

372 

208.8889 

408 

228.8889 

444 

248.8889 

480 

372.2 

209 

408.2  ; 

229 

444.2 

249 

480.2 

373 

1    209.4444 

409      • 

229.4444 

445 

249.4444 

481 

374 

210 

410 

230 

446 

250 

482 

375 

i    210.5556 

411 

230.5556 

447 

250.5556 

483 

375.8 

i  211 

411.8 

231 

447.8  ; 

251 

483.8 

376 

211.1111 

412 

231.1111 

448 

251.1111 

484 

377 

211.6667 

413 

2.^1.6667 

449 

251.6667 

485 

377.6 

212 

413.6 

232 

449.6 

252 

485.6 

378 

212.2222 

414 

232.2222 

450 

252.2222 

486 

379 

212.7778 

415      , 

232.7778 

451      1 

252.7778 

487 

379.4 

213 

415.4 

233 

451.4 

253 

487.4 

380 

213.3333 

416      1 

233.33.33 

452 

253.3333 

488 

381 

213.8889 

417 

233.8889 

453 

253.8889 

489 

381.2 

214 

417.2 

234 

453.2 

254 

489.2 

382 

214.4444 

418 

234.4444 

454 

254.4444 

490 

383 

215 

419 

235 

455      1 

1  255 

491 
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TABLE  OF  THERMOMETRIC  EQUIVALENTS.— Owi^muerf. 


c.« 

P.o 

C.o 

P.o 

i 

P.« 

C.« 

P.*» 

255.5556 

492 

275.5556 

528 

'    295.5556 

564 

315.5556  ' 

600 

256 

492.8 

276 

528.8 

296 

564.8 

316 

600.8 

256.1111 

493 

276.1111 

529      1 

1    296.1111 

565 

316.1111 

601 

256.6667 

494 

276.6667 

530 

>    296.6667 

566 

'    316.6667 

602 

257 

494.6 

277 

530.6 

297 

566.6 

317 

602.6 

257.2222 

495 

277.2222 

531 

297.2222 

567 

317.2222 

603 

257.7778 

496 

277.7778 

532 

297.7778 

568 

317.7778 

604 

258 

496.4 

278 

532.4 

298 

568.4 

318 

604.4 

258.3333 

497 

278.3333 

533 

298.3333 

569 

318.3333 

605 

258.8889 

498 

278.8889 

534 

298.8889 

570 

318.8889 

606 

259 

498.2 

279 

534.2 

299 

570.2 

319 

606.2 

259.4444 

499 

279.4444 

535 

299.4444 

571 

319.4444 

607 

260 

500 

280 

536 

300 

572 

320 

608 

260.5556 

501 

280.5556 

537 

300.5556 

573 

320.5556 

609 

261 

501.8 

281 

537.8 

301 

573.8 

321 

609.8 

261.1111 

502 

28L1111 

538 

301.1111 

574 

321.1111 

610 

261.6667 

503 

281.6667 

539 

301.6667 

575 

321.6667 

611 

262 

503.6 

282 

539.6 

302 

575.6 

322 

611.6 

262.2222 

504 

282.2222 

540 

302.2222 

576 

322.2222 

612 

262.7778 

505 

282.7778 

541 

302.7778 

577 

322.7778 

613 

263 

505.4 

283 

541.4 

303 

577.4 

323 

613.4 

263.3333 

506 

283.3333 

542 

1    303.3333 

578 

323.3333 

614 

263.8889 

507 

283.8889 

543 

I    303.8889 

579 

323.8889 

615 

264 

507.2 

284 

543.2 

1  304 

579.2 

324 

615.2 

264.4444 

508 

284.4444 

544 

•    304.4444 

580 

324.4444 

616 

265 

509 
510 

285 

285.5556 

545 

305 

581 
582 

325 

617 

265.5556 

546 

305.5556 

325.5556 

618 

266 

510.8 

286 

546.8 

306 

582.8 

326 

618.8 

266.1111 

511 

286.1111 

547 

306.1111 

583 

326.1111 

619 

266.6667 

512 

286.6667 

548 

306.6667 

584 

326.6667 

620 

267 

512.6 

287 

548.6 

307 

584.6 

327 

620.6 

267.2222 

513 

287.2222 

549 

307.2222 

585 

327.2222 

621 

267.7778 

514 

287.7778 

550 

307.7778 

586 

327.7778 

622 

268 

514.4 

288 

650.4 

308 

586.4 

328 

622.4 

268.3333 

515 

288.3333 

551      i 

i    308.3333 

587 

328.3333 

623 

268.8889 

516 

288.8889 

552 

308.8889 

588 

328.8889 

624 

269 

516.2 

289 

552.2 

309 

588.2 

329 

624.2 

269.4444 

517 

289.4444 

553 

;^9.4444 

589 

329.4444 

625 

270 

518 

290 

554 

310 

590 

330 

626 

270.5556 

519 

290.5556 

555 

310.5556 

591 

330.5556 

627 

271 

519.8 

291 

555.8 

311 

591.8 

331 

627.8 

271.1111 

520 

29L1111 

556 

311.1111 

592 

33L1111 

628 

271.6667 

521 

291.6667 

557 

311.6667 

593 

331,6667 

629 

272 

521.6 

292 

557.6 

312 

593.6 

332 

629.6 

272.2222 

522 

292.2222 

558 

312.2222 

594 

332.2222 

630 

272.7778 

523 

292.7778 

559 

312.7778 

595 

332.7778 

631 

273 

523.4 

293 

559.4 

313 

595.4 

333 

631.4 

273.3333 

524 

293.3333 

560 

313.3333 

596 

!    333.3333 

632 

273.8889 

525 

293.8889 

561 

313.8889 

597 

333.8889 

633 

274 

526.2  ; 

294 

561.2 

314 

597.2 

334 

633.2 

274.4444 

526      1 

294.4444 

562 

314.4444 

598 

334.4444 

634 

275 

527 

295 

563 

315 

599 

335 

635 

30 


EQUIVALENTS  OF  WEIGHTS  AND  MEASURES,* 

Customary  and  Metbic. 

NoTB.— The  valaes  giyen  for  the  relation  of  weight  to  measare  are  for  Water  at  the  temperature  of 
4^  C.  (39.2^'  F.)  in  vacuo.  For  ordinary,  practicaJ  purpoeea,  these  values  may  be  used,  without  cor- 
rection. 


Weights,  Customary. 

Metric 

Measxtbss,  Customary. 

Weight 

and 
Measure. 

Troy 
Grains.    , 

AToirdupois 

Fluid 

Fluid- 
ounces  and 

OS. 

grains. 

lbs. 

OS. 

grains. 

Qm.]   [Co. 

ounces,     minims. 

fractions. 

15432.4 

32 

72.4 

2 

3 

119.9 

1000 

33 

390.6 

33.814 

15360 

32 

2 

3 

47.5 

995.312 

33 

314.5 

3a  656 

15060.9 

31 

180.9 

2 

2 

165.9 

975.932      ; 

33 

33 

15046.6 

31 

166.6 

2 

2 

171.6 

975            1 

32 

464.9 

32.968 

14880 

31 

2 

2 

6 

964.208 

32 

289.7 

32.604 

14660.7 

30 

260.7 

2 

1 

223.2 

950 

32 

59.1 

32.123 

14604.5 

30 

204.5 

2 

1 

167 

946.358      1 

32 

32 

14400 

30 

2 

•  •• 

400 

933.105      1 

31 

264.9 

31.562 

14274.9 

29 

354.9 

2 

•  •• 

274.9  1 

925 

31 

133.3 

31.278 

14148.2 

29 

228.2 

2 

•  •  • 

148.2 

916.785      1 

31 

31 

14000 

29 

80 

2 

•  •  • 

907.185 

30 

324.2 

30.676 

13920 

29 

1 

15 

357.5 

902.000 

30 

240 

30.500 

13889.1 

28 

449.1 

15 

326.6 

900            1 

30 

207.6 

30.432 

13691.8 

28 

251.8 

15 

129.3 

887.211 

30 

30 

13562.5 

28 

122.5 

15 

■ 

878.635 

29 

344.1 

29.717 

13503.3 

28 

63.3 

14 

378.3 

875 

29 

281.8 

29.587 

13440 

28 

14 

315 

870.898 

29 

215.2 

29.448 

13235.4 

27 

276.4 

14 

110.4 

857.637      i 

29 

29 

13125 

27 

165 

14 

850.486      , 

28 

363.9 

28.769 

13117.5 

27 

157.5 

13 

430 

850 

28 

356 

28.742 

12960 

27 

• •• • • 9 

13 

272.5 

839.794 

28 

190.4 

28.397 

12779 

26 

299 

13 

91.5 

828.064      1 

28 

28 

12731.7 

26 

251.7 

13 

44.2 

825 

27 

430.3 

27.896 

12687.5 

26 

207.5 

13 

822.136      1 

27 

383.8 

27.800 

12480 

26 

12 

230 

1 

808.691 

27 

165.6 

27.345 

12346.9 

25 

345.9 

12 

95.9 

800 

27 

24.6 

27.051 

12322.6 

25 

322.6 

12 

72.6 

798.490 

27 

27 

12250 

25 

250 

12 

793.787      , 

26 

403.7 

26.841 

12000 

25 

11 

187.5  ' 

777.587 

26 

140.7 

26.293 

11960.1 

24 

440.1 

11 

147.6 

i     775 

26 

98.7 

26.206 

11866.2 

24 

346.2 

11 

53.7 

768.916 

26 

26 

11812.5 

24 

292.5 

11 

765.437 

25 

423.6 

26.883 

11574.3 

24 

64.3 

10 

199.3 

750 

25 

173 

25.360 

11520 

24 

10 

146 

746.484 

26 

115.9 

26.241 

11409.8 

23 

369.8 

10 

34.8 

739.343 

25 

25 

11375 

23 

335 

10 

1 

737.087 

24 

443.4 

24.924 

11188.5 

23 

148.5 

9 

251      , 

725            i 

24 

247.2 

24.615 

11040 

23 

9 

102.5 

715.380 

24 

91.1 

24.190 

10053.4 

22 

393.4 

9 

16.9 

709.769 

24 

24 

10937.5 

22 

377.5 

9 

• 

708.738      i 

23 

ms 

23.966 

*  Taken  from  U.  8.  Pharmacopoeia,  1890. 
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EQUIVALENTS  OP  WEIGHTS  AND  MEASURES.— Owittnu^d. 


Weights,  Customary. 

'     Metric 

Measures,  Customary. 

i 

Weight 
and 

Troy 

1 
AvoirdapQiu 

Fluid 

Fluid- 

Gndiu. 

Measare. 

ounces  and 

oz. 

grains. 

Ibe.     OS. 

grains. 

Gm.]    [Oc. 

oanoes.     minims. 

fractions. 

10602.6 

22 

242.6 

1        8 

302.6 

700 

t    23 

321.4 

23.670 

10560 

22 

1        8 

60 

684.277 

!    23 

66.2 

23.138 

10500 

21 

420 

1       8 

680.388 

23 

3.1 

23.007 

10497.0 

21 

417 

1        7 

434.5 

680.195 

23 

23 

10416.8 

21 

336.8 

1        7 

354.3 

675 

22 

395.7 

22.824 

10080 

21 

1        7 

17.6 

653.173 

22 

41.4 

22.086 

10062.5 

20 

462.5 

1       7 

«■••■• 

652.039 

22 

23.0 

22.048 

10040.6 

20 

440.6 

1        6 

415.6 

650.621 

22 

22 

10031.0 

20 

431 

1        6 

406 

650 

21 

469.9 

21.979 

9645.2 

20 

45.2 

1        6 

20.2 

625 

21 

64.1 

21.134 

9625   , 

20 

25 

1       6 

623.689 

21 

42.9 

21.09 

9600 

20 

1        5 

412.5 

622.070 

21 

16.6 

21.035 

9584.2 

19 

464.2 

1        5 

396.7 

621.048 

1  21 

1 

21 

9259.4 

19 

189.4 

1        5 

71.9 

600 

20 

138.4 

J 
20.288 

9187.5 

19 

67.5 

1       5 

595.340 

20 

62.7 

20.131 

9127.8 

19 

7.8 

1        4 

377.8  ; 

591.474 

20 

•■••••• 

20 

9120 

19 

1        4 

370 

590.966 

19 

471.8 

19.983 

8873.6 

18 

233.6 

1        4 

123.6 

575 

19 

212.6 

19.443 

8750 

18 

110 

1       4 

566.990 

19 

82.6 

19.172 

8671.4 

18 

31.4 

1        3 

358.9 

561.900 

19 

19 

8640 

18 

1        3 

327.5 

559.863 

18 

447 

18.931 

8487.8 

17 

327.8 

1        3 

175.3 

550 

18 

286.8 

18.598 

8312.5 

17 

153.5 

1       3 

538.641 

18 

102.5 

18.214 

8215.1 

17 

55.1 

1        2 

340.1 

532.327 

18 

18 

8160 

17 

1        2 

285 

528.759 

17 

422.1 

17.880 

8102 

16 

422 

I        2 

227 

525 

17 

361.1 

17.752 

7875 

16 

195 

1       2 

510.291 

17 

122.4 

17.255 

7758.7 

16 

78.7 

1        1 

321.2 

502.753 

17 

1 

17 

7716.2 

16 

36.2 

1        1 

278.7 

500 

16 

435.3 

16.907 

7680 

16 

1        1 

242.5 

497.656 

16 

397.2 

16.828 

7437.5 

15 

237.5 

1       1 

481.942 

16 

142.2 

16.297 

7330.4 

15 

130.4 

X             ••• 

330.4 

475 

16 

29.6 

16.062 

7302.3 

15 

102.3 

X           •  •  • 

302.3 

473.179 

16 

16 

7200 

15 

X         « •• 

200 

466.552 

15 

372.4 

15.776 

7000 

14 

280 

^»              •  •  • 

453.592 

15 

162.1 

15.338 

6944.6 

14 

224.6 

...     15 

382.1 

450 

15 

103.8 

15.216 

6845.9 

14 

125.9 

...     15 

283.4 

443.606 

15 

15 

6720 

14 

...     15 

157.5 

435.449 

14 

347.6 

14.724 

6562.5 

13 

322.5 

...   15 

425.243 

14 

182 

14.379 

6558.8 

13 

318.8 

...    14 

433.8 

425 

14 

178.0 

14.371 

6389.5 

13 

149.5 

...    14 

264.5 

414.032      , 

14 

14 

6240 

13 

...    14 

115 

404.345      , 

1 

13 

322.8 

13.672 

468 


HANDBOOK  OF  PHARMACY. 


EQUIVALENTS  OF  WEIGHTS  AND  MEASURES.— Om/mucrf. 


Weights,  Customary. 

Metric 

MsAsuBES,  Customary. 

Weight 
and 

Troy 

Avoirdupois 

Fluid 

Fluid- 

Grains. 

Measure. 

ounces  and 

oz. 

grains. 

lbs.     oz. 

grains. 

am.]    [Oc. 

ounces,     minims. 

fractions. 

6172.9 

12 

412.9 

...     14 

47.9 

400 

13 

252.3 

13.526 

6125 

12 

365 

...    14 

396.893 

13 

201.8 

13.421 

6933.1 

12 

173.1 

...     13 

245.6 

384.458 

13 

13 

6787.1 

12 

27.1 

...     13 

99.6 

375 

12 

326.5 

12.680 

6760 

12 

...     13 

72.5 

373.242 

12 

298 

12.621 

6687.5 

11 

407.5 

...    13 

■   «  •  •  V  « 

368.544 

12 

221.7 

12.462 

5476.7 

11 

196.7 

...     12 

226.7 

354.884 

12 

12 

6401.3 

11 

121.3 

...     12 

151.3 

350 

11 

400.7 

11.835 

6280 

11 

...     12 

30 

342.138 

11 

273.1 

11.570 

5250 

10 

450 

...    12 

340.194 

11 

241.6 

11.503 

6020.3 

10 

220.3 

...     11 

207.8 

325.311 

11 

11 

5015.5 

10 

215.5 

...     11 

203 

325 

10 

475 

10.989 

4812.5 

10 

12.5 

...    11 

311.845 

10 

261.4 

10.545 

4800 

10 

...     10 

425 

311.035 

10 

248.3 

10.517 

4629.7 

9 

309.7 

...     10 

254.7 

300 

10 

69.2 

10.144 

4563.9 

9 

243.9 

...     10 

188.9 

295.737 

10 

10 

4375 

9 

55 

...   10 

283.496 

9 

281.3 

9.586 

4320 

9 

...       9 

382.5 

279.930 

9 

223.5 

9.466 

4244 

8 

404 

...       9 

306.5 

275 

9 

143.4 

9.299 

4107.5 

8 

267.5 

...       9 

170 

266.163 

9 

9 

3937.5 

8 

97.5 

...      9 

255.146 

8 

301.2 

8.628 

3858.1 

8 

18.1 

...      8 

358.1 

250 

8 

217.7 

8.453 

3840 

8 

...      8 

340 

248.828 

8 

198.6 

8.414 

3651.1 

7 

291.1 

...      8 

151.1 

236.590 

8 

8 

3500 

7 

140 

...      8 

226.796 

7 

321.0 

7.669 

3472.3 

7 

112.3 

...      7 

409.8 

225 

7 

291.9 

7.608 

3360 

7 

...      7 

297.5 

217.724 

7 

173.8 

7.362 

3194.7 

6 

314.7 

...      7 

132.2 

207.016 

7 

7 

3086.5 

6 

206.5 

...      7 

24 

200 

6 

366.1 

6.763 

3062.5 

6 

182.5 

...      7 

198.447 

6 

340.9 

6.710 

2880 

6 

...       6 

255 

186.621 

6 

149 

6.310 

2738.4 

6 

338.4 

...       6 

113.4 

177.442 

6 

6 

2700.7 

5 

300.7 

...       6 

75.7 

175 

5 

440.4 

6.917 

2625 

5 

225 

...      6 

170.097 

5 

360.8 

5.752 

2400 

5 

...       5 

212.5 

155.517 

5 

124.1 

5.269 

2314.9 

394.9 

...       5 

127.4 

150 

5 

34.6 

5.072 

2282 

362 

...       5 

94.5 

147.869 

5 

5 

2187.5 

267.5 

...      5 

141.748 

4 

380.7 

4.793 

1929 

9 

...      4 

179 

125 

4 

108.8 

4.227 

1920 

..      4 

170 

124.414 

4 

99.3 

4.207 

1825.6 

3 

385.6 

...      4 

75.6 

118.295 

4 

4 

1750 

3 

310 

...      4 

113.398 

3 

400.6 

3.834 
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EQUIVALENTS  OP  WEIGHTS  AND  MEASURES.— a>»««tt€d. 


Wbights,  Customaey. 

Metric       Measures,  Customaby. 

vveigiit 

Troy. 

Avoirdapois     | 

and 

Fluid 

Fluid- 

Grains. 

Measure. 

ouDcee  and 

OE. 

gralna. 

lbs.       02. 

grains. 

Qm]    [Co.      ^''°*^-    °^°*"'' 

AractioDB. 

1543.2 

3 

103.2 

...       3 

230.7 

100 

3 

183.1 

3.381 

1440 

3 

...      3 

127.5 

98.310 

3 

74.5 

3.156 

1388.9 

2 

428.9 

...      3 

76.4 

90 

3 

20.8 

3.043 

1369.2 

2 

409.2 

...      3 

56.7 

88.721 

3 

3 

1312.5 

2 

352.5 

...      3 

85.049      i 

2 

420.4 

2.876 

1234.6 

2 

274.6 

...      2 

359.6 

80 

2 

338.5 

2.705 

1157.4 

2 

197.4 

...      2 

282.4 

75 

2 

257.3 

2.536 

1080.3 

2 

120.3 

...      2 

205.3 

70 

2 

176.1 

2.367 

960 

2 

...      2 

85 

62.207 

2 

49.7 

2.103 

925.9 

1 

445.9 

...       2 

50.9 

60 

2 

13.8 

2.029 

912.8 

1 

432.8 

...      2 

37.8 

59.147 

2 

2 

875 

1 

395 

...      2 

59.699 

1 

440.3 

1.917 

771.6 

1 

291.6 

334.1 

50 

331.5 

1.691 

617.3 

1 

137.3 

179.8 

40 

169.2 

1.353 

480 

1 

42.5 

31.1035 

24.8 

1.052 

463 

25.4 

30 

6.9 

1.014 

456.392 

18.89 

29.574 

1 

437.5 

...      1 

......     1 

28.350 

460.1307 

0.959 

385.8 

•  •  •           •  •  • 

25 

405.8 

0.845 

308.6 

•  ••           • •  • 

20 

324.61 

0.676 

154.3 

10 

162.31 

0.338 

15.4324 

•  « •           • ■  • 

1 

16.23 

0.034 

1 

•  ■  •           • •• 

0.06479 

1.0517 

0.0022 

0.9508 

•  •  •           ••• 

0.06161 

1 

1 

0.0021 
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EQUIVALENTS  OP  WEIGHTS  AND  MEASURES.— Cbwtfntteef. 

Fboh  1  Troy  Ouncb  down. 


Metric 

Metric 

"Weiglit 

Minims 

"Weight 

Minims 

and 

(of  Water 

Gratns. 

and 

(of  Water 

Measure. 

at4PC.). 

Measure. 

at  4P  C). 

Om.]  [Ck>. 

Gm.]   [Go. 

480       [1  5 

31.103 

504.8 

240 

[4  3 

15.551 

252.4 

478.4 

31 

503.1 

231.5 

15 

243.4 

475.4 

30.805 

500 

228.2 

14.786 

240 

463.0 

30 

486.9 

218.75 

[jr- 

14.175 

230.1 

456.4 

29.673 

480 

216.1 

oz. 

14 

227.2 

450 

29.159 

473.3 

210 

13.607 

220.9 

447.5 

29 

470.7 

200.6 

13 

211 

437.5    [lav. 

28.350 

460.1 

199.7 

12.938 

210 

432.1 

28 

454.4 

185.2 

12 

194.8 

427.9 

27.724 

450 

1 

420       [7  3 

27.214 

1 
441.7 

180 

[3  3 

11.663 

189.3 

416.7 

27 

438.2 

171.1 

11.090 

180 

401.2 

26 

422 

169.8 

11 

178.5 

399.3 

25.876 

420 

154.3 

10 

162.3 

390 

25.271 

410.2 

150 

9.719 

157.8 

385.8 

25 

405.7 

142.6 

9.241 

150 

380.3 

24.644 

400 

138.9 

9 

146.1 

370.8 

24.028 

390 

123.5 

8 

129.8 

370.4 

24 

389.5 

1 
1 

360       [6  3 

23.327 

378.6 

1 

120 

[2  3 

7.775 

126.2 

354.9 

23 

373.3 

114.1 

7.393 

120 

342.3 

22.180 

360 

109.37 

[jay. 

7.088 

115.9 

339.5 

22 

357.1 

108.0 

"■      08. 

7 

113.6 

330 

21.383 

347.1 

100 

6.480 

105.2 

324.1 

21 

340.8 

95.1 

6.161 

100 

313.8 

20.331 

330 

92.6 

6 

97.4 

308.6 

20 

324.6 

80 

77.2 
76.1 
61.7 

5.184 
5 

4.928 

4 

84.1 
81.1 
80 
64.9 

300       [5  z 

19.440 

315.5 

60 

[13 

3.888 

63.1 

293.2 

19 

308.4 

57.0 

3.696 

60 

285.2 

18.483 

300 

54.69 

)  [J  ay. 

3.544 

57.5 

277.8 

18 

292.1 

47.5 

oz. 

3.080 

50 

270 

17.495 

284.0 

50 

3.240 

52.6 

262.3 

17 

275.9 

46.3 

3 

48.7 

256.7 

16.635 

270 

42.8 

2.772 

45 

246.9 

16 

259.7 

40 

38.0 
33.3 
30.9 

2.592 
2.464 
2.156 

2 

42.1 

40 

35 

32.5 

1 
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EQUIVALENTS  OF  WEIGHTS  AND  MEASURES.— Cbtt«n««f. 


Continuation  of  Table  op  Equiva- 

Equivalents 

OP  Weights  fbom  5 

lents  FEOM  1  Tboy  Ounce  down. 

Grains  down. 

Metric 

Grainfl 

Grains. 

Weight 
and 

MiDims 
(of  Wat«r 
at  40  c.). 

in 

in  common 

Measure. 

decimal 

fraction!! 

Gm.]      [Gc. 

fractions. 

(approximate) 

30       [J  3 

1.944 

31.6 

0.324 

5 

5 

28.6 

1.848 

30 

0.291 

4.5 

4i 

23.8 

1.540 

25 

0.259 

4 

4 

20 

1.296 

21.0 

0.226 

3.5 

3i 

19.0 

1.232 

20 

0.194 

3 

3 

15.4324 

1 

16.23 

0.162 

2.5 

2i 

0.130 
0.097 

2 
1.6 

2 

IJ 

15 

0.972 

15.9 

0.065 

1 

1 

14.3 

0.924 
0.907 

15 

14.7 

14 

13.3 

0.862 

14 

0.061 

0.94 

H 

13 

0.842 

13.7 

0.060 

0.93 

A 

12.4 

0.801 

13 

0.057 

0.88 

Vi 

12 

0.775 

12.6 

0.053 

0.82 

ii 

11.4 

0.739 

12 

0.050 

0.77 

i 

11 

0.713 

11.6 

0.049 

0.76 

10.5 

0.678 

11 

0.045 

0.69 

0.040 
0.036 

0.62 
0.56 

p. 

10 

0.648 

10.5 

0.032 

0.5 

9.5 

0.616 
0.583 

10 

9.5 

r  m 

9 

8.6 

0.554 

9 

0.028 

0.43 

A 

8 

0.518 

8.4 

0.025 

0.39 

* 

7.7 

0.5 

8.1 

0.024 

0.37 

\ 

7.6 

0.493 

8 

0.020 

0.31 

p. 

7 

0.454 

7.4 

0.016 

0.24 

6.7 

0.431 

7 

0.012 

0.18 

p. 

6 

0.389 

6.3 

0.008 

0.12 

5.7 

0.370 

6 

0.004 

0.06 

A 

0.0032 
0.0027 

0.06 
0.04 

A 

A 

5 

0.324 

5.3 

0.0022 

0.033 

A 

4.8 

0.308 

5 

0.0018 

0.028 

A 

4 

0.259 

4.2 

0.0016 

0.025 

s 

3.8 

0.246 

4 

0.0013 

0.02 

3 

0.194 

3.2 

0.0011 

0.017 

A 

2.9 

0.185 

3 

0.001 

0.015 

it 

2 

0.130 

2.1 

0.0006 

0.01 

T^ff 

1.9 

0.123 

2 

0.0005 

0.008 

T  T 

1 

0.065 

1.0517 

0.0004 

0.0065 

T"  H 

0.9508 

0.06161 

1 

0.0003 

0.006 

*  y  ^^ 

0.0002 

0.003 

inr 

0.0001 

0.0015 

•m 

EQUIVALENTS  OF  MEASURES  .OF  LENGTH. 

Custom ABY  and  Metkic. 


Centi- 

CenU- 

• 

MilU- 

1           Inches 

1 

meters. 

Inches. 

meters. 

1 

Inches. 

meters. 

1 

in  decimal 
fractions. 

inS2da. 

150 

59.06 

55 

21.65 

25.4 

1. 

n 

145 

57.09 

53.3 

21 

25 

0.98 

•  •• 

140 

55.12 

50.8 

20 

24 

0.94 

«  •• 

139.7 

55 

50 

19.69 

23.8 

1       0.94 

fi 

135 

53.15 

48.3 

19 

23 

0.90 

n 

130 

51.18 

45.7 

18 

22.2 

0.87 

a 

127.0 

50 

45 

17.72 

22 

0.87 

•  •• 

125 

49.21 

43.2 

17 

21 

0.83 

>  •• 

120 

47.24 

40.6 

16 

20.6 

0.81 

i! 

115 

45.28 

40 

15.75 

20 

1      0.79 

•  •• 

114.3 

45 

38.1 

15 

19.1 

0.75 

a 

110 

43.31 

35.6 

14 

19 

0.75 

•  «• 

105 

41.34 

35 

13.78 

18 

0.71 

■  •  • 

101.6 

40 

33.0 

13 

17.5         1 

0.69 

H 

100 

39.37 

30.5 

12 

17            ' 

0.67 

•  •• 

99.0 

39 

30 

11.81 

16 

0.63 

«  a  ■ 

96.5 

38 

27.9 

11 

15.9 

0.62 

IS 

95 

37.40 

!         25.4 

10 

15 

0.59 

•  •  • 

93.9 

37 

!       25 

9.84 

14.3 

0.56 

il 

91.4 

36 

i        22.9 

9 

14 

0.55 

•  «• 

90 

35.43 

20.3 

8 

13 

0.51 

•  •  • 

88.9 

35 

20 

7.87 

12.7 

0.50 

il 

86.4 

34 

17.8 

7 

12 

0.47 

•  •• 

85 

33.46 

15.2 

6 

ll.l 

0.44 

a 

83.8 

33 

15 

5.91 

11            1 

0.43 

•  •• 

81.3 

32 

12.7 

5 

10 

0.39 

•  •  • 

80 

31.50 

10.2 

4 

9.5 

0.37 

if 

78.7 

31 

10 

3.94 

9 

0.35 

•  •• 

76.2 

30 

9 

3.54 

8.7 

0.34 

H 

75 

29.53 

8 

3.15 

8 

0.31 

•  •• 

73.6 

29 

7.6 

3 

7.9 

0.31 

it 

71.1 

28 

7 

2.76 

7.1 

0.28 

/i 

70 

27.56 

6 

2.36 

7 

0.28 

•  «• 

68.6 

27 

5.1 

2 

6.4 

0.25 

A 

66.0 

26 

5 

1.97 

6 

0.24 

... 

65 

25.59 

4 

1.57 

5.6 

0.22 

A 

63.5 

25 

3 

1.18 

5 

0.20 

•  •  • 

61.0 

24 

2.54 

1 

4.8 

0.19 

A 

60 

23.62 

2 

0.78 

4 

0.16 

•  •« 

58.4 

23 

1 

0.39 

3.2 

0.13 

A 

55.9 

22 

1 

3 

2.4 

2 

1.6 

1 

0.8 

0.1 

0.12 
0.09 
0.08 
0.06 
0.04 
0.03 
0.0039 

A 

•  •• 

A 

•  •• 

A 

•  •• 
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A. 

Abbreviations,  metric,  17 
misleading,  378 
used  in  prescriptions,  380 

Abstracta,  349 

Abstracts,  349 

Acetic  acid,  titration  of,  428 

Aceta.  248 

AcicuUr,  146 

Acetum  plumbicum,  236 
Saturn Inum,  236 

Acid,  acetic,  titration  of,  428 
arsenous,  assay  of,  239, 433 
carbolic,  estimation  of,  444 
citric,  titration  of,  428 
hydrochloric,  normal,  420 
hydrocyanic,  assay  of,  431, 

432 
hypophosphorous,    estima- 
tion of,  443 
oxalic,  decinormal,  421 
oxalic,  normal,  420 
phosphoric,  titration  of,  428 
sulphuric,  normal,  420,  422 
sulphurous,  assay  of  433 
tartaric,  titration  of,  428 

Acids,  filtering,  178 

solvent  properties,  129 
volumetric  estimation,  427 

Acidimetry,<^27 

Adapters,  88.  91,92 

Agents,  emulsifying,  297 

Air  bath,  84 

Air,  effect  of  exposure  of  chemi- 
cals, 154 

Alcohol,  contraction  of,  when 
mixed  with  water,  133 
minims  t«  (luidrachm,  13 
solveut  properties,  129 

Alkali  carbonates,  assay  of,  424 
hydrates,  assay  of,  421 

Alkalies,  organic  salts,    assay 
of,  424 

Alkalimetrv,  422 

Alligation,  139.  140 

Aiums,  crystallizing,  146 

Amorphous,  143 

Amorphous  precipitates,  157,158 

Analysis,  volumetric,  413 

Angle  of  crystal,  143 

Animal  charcoal,  use  of,  180 

Apothecarv,  1 

Apothecaries*  measure,  12 
weight,  10 

Apparatus,    Currier's    extrac- 
tion, 208 
for  generating  gases,  131 
for  upward  filtration,  178, 

179 
Lewin's  extraction,  207 
percolating,  193, 196,  199 
siphon,  163,  188 
Soxhlet's  extraction,  291 

Approximate  measures,  14 

Aqua  ammonise,  222 

ammonise  fortior.  222 
amygdalae  araane,  221 
amygdalarum   amaranim, 

221 
chlori.  223 
chloroforml,  222 


Aqua  creoaoti,  222 
deetillatse.  217 

explanatory  text,  221 
preservation  of,  220 
hydrogenii  dioxidi,  224 
laurocerasi,  222 
plumbica,237 
saturnina,  237 
Aquse,  217 

medicatK,  217 

table  of,  225, 226 
preservation  of,  220 
Ar8Boraet«r,  40-44 
weighing.  41 
Arsenous  oxide,  assay  of,  239, 

433 
Aasay,  alkali  carbonates,  424 
alkali  hydrates,  421 
aqua  ammonia,  223 
aqua  calcis,  422 
aqua  chlori,  223 
arsenous  oxide,  239, 433 
extract  nux  vomica,  346 
ferrl  carbonas  saccharatus, 

438,443 
ferric  salts,  435 
ferrous  carbonate,  443 
ferrous  salt«,437,  442 
ferrous  sulphate,  438.  442 
Fowler's  Solution,  239 
hydrocyanic  acid,  431,  432 
hydrogen  dioxide,  442 
hypophosphites,  443 
hypophosphorous  acid,  443 
hyposulphites,  433,  439 
iodine,  435 
Laharraque's  Solution,  241, 

435 
liquor  ferri  chloridi,  231, 

436 
liquor  plumbi  subacetatls, 

236 
Lugol's  Solution,  235 
metallic  iron,  437,  443 
organic  salts  of  alkalies,  424 
phenol,  445 
potassii  bitartras,425 
potassii  et  sodii  tartras,  425 
potassium  cyanide,  482 
potassium  iodide,  439 
soda,  240 
sodii  benzoas,  426 
solution  of  ferric  acetate, 

229 
solution  of  ferric  citrate,  232 
solution  of  hydrogen  per- 
oxide, 225 
solution  of  potassa,  238 
solution  tersulphate  of  iron, 

284 
spirit  of  nitrous  ether,  253 
sulphites,  433 
sulphurous  acid,  433 
synipus  acidi   hydriodici, 

278 
svrupus  ferri  iodidi,  281 
tbiosulphates,  433 
tincture  of  iodine,  263 
tincture  of  iron,  262 
tincture  opium,  263 
Asymmetric  system.  146 
Atomic  weights,  table  of,  447 
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snl  «IU,  IM 

biinl.  311 


KiaptH(ninl|>lumU,Ml 

Ubleof  302 
EuiulnitlouiDDaf  apedal  dniga, 

SIM 
Emiilsirylng  mgants,  ^97 

extnet  o(  nult,  Wt 
gelMin.  WW 
Irlab  ni««.  IM 

S|uij|«)m  buk,  2M 

EmuhlDiia.  Si 
Emublou,  tW 


□OUB  on,  301 

Bnlcrt>rfiw  dnig-mlU,  117 

EquFv^il.  of  Imperlil  lo  U. 

melric  itid  U.  8.,  U,  18 
Erdmsan  flojtl,  418 
Ksllmallon  of  alluU  hrdnta, 

Elber.  nilroun,  ipirit,  151 
"i^Diuimable  llqulda.  Tt 

'""""'""  rnlog,7l 


liitT  of.  71 


GioipLeDU,  plli,  32-^-324 
ExerclH.     Blfesli     b^dntv, 

mqiu     nmnioiilie      fortlor, 

uuy,  ZZ3 
■qua  otilolB,  usaj ,  423 
Masrlng  cxtnct  nux  Tom- 

la.S47 

dilarldaafimiT.'uil 


plumbl  auWiu'tli>,  X 
potBxslL'BraeQltfi,  23S       I 

iliiclchlaridl,'343 
■plriiui    Eiherii     nltrogl, 

sUndardlzIni;  eitnct  out 

■rnipiig  '*cldl  hfdriodlcl,   | 


ExerclMalndllullonuidlOrU-  I 

In  HilublliiT,  m  I 

In  ■peclflo  griKlt;,  U,  37,  , 

In  apeoiao  (QlunM.  M 


euuu  of  pnnlpiUUoD  is 
273 

fluidi.zee 

pTuerratioa  or.  273 
vtlnntloa  of,  274 
Eitnwl,  (ioulird'B,  IM 
malt,  cRiublon.  ■£» 

auKTomlcs'aiUT.Me 

apparatui,  2BI,  207,  2W 
hut,  207 

with  hoi  Nlreala,  207 
Eitncu,  341 

einlamUorr  text,  344 
pti/Bl«i  characlan,  343 
preserratiaa  Df.  Bi3 


F<c«a  of  eryital,  141 
Falinnhail'B  Ibennometar,  O. 

Faiitank'g  dniKgiXg'  Maile,  IT 

'  sad  ooagxaUng  point.  ^ 

•pacific  g™>lt7,  4§,  48 
Fanf     carbonns     laooharatiu, 

atimstiun,  483,  443 
FerrouB  carboDau,  aiimaiioD 
of.  443 
Hilphaie,atloutlDn  of,  438, 

*a 

Filter,  foldfd.  172 
paper,  170 

hardeaad, 171 
bttiffheiwii,  171 
plain,  l?l 
plaited,  172 
5^1bb»,  170 
Flll«rWapparat<iB,  aulomatio, 

cauillc  fluidi,  173 

dWKliqutdi,  172 

Filtrate.  170 

omitiniioiia',  166,  173 


"K,??."" 


KjClDcbaiDi,  271 
la  of  pnclpitatloD 


Imperlaf,  12 
Folded  a  Iter,  1^2 


Fractloaat  I  ng  appantui 

Onk,  33.  B« 
Fracture,  cryitaillne,  I 
Frame,  ilraloer.  163 


proper  ihape,  ITT 
ribbed,  177^ 
■toini  coil  JaukM,  h 


wine  mainire,  12 

GU  StOTM,  U 

UaKfl,  dryipg,  113 

BoluhilllT  of,  132 
•olutlon  of,  131,132 

Qar-IJina?!  lutomatlo  lUteiv 

ing  appantuB.  IK 
Oelatln  capnil«,  SOT 
empl7.  303 

liard,'B07 

■ofk,  307,  308 
Buppoaitorj  cBpHiilv.  ATI 
GelallDous  prei:lpluUeB,  137 
Glam,  nolubTc,  2& 
Glycerin  ,«i  lieu  t  properl  Ira,  120 


Gljrcerila,  2J 


orlEln  of,  11 
r»mnir>,  16,  IT 
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Granular  eflTerveRcent  salts,  152 

preclpitaten,  157 
Granulation,  152,  836 
Granules,  318 
Grinding,  116 
Growing  crystals,  149 
Guiding-rod,  161 


H. 

Hanoe*8,  drug  mill,  117, 118 
Hand  scales,  24 
Heat,  62 

meaBurement,  67 
Heater,  water,  66 
Hectogramme,  17 
HectoFiter,  17 
Hectometer,  17 
Hexagonal  Mvston,  143, 144 
Homoeopathic  dispensing,  388 
Honeys,  284 
Hot  extraction,  207 

filtration,  179 
Hunter's  filter  and  mixer,  120 
Hydraulic  {)re88,  212 
Hydrocyanic  acid  assay,  431,432 
Hydrogen  dioxide,  estimation 

of,  442 
Hydrometer,  40-14 

Baum6*s,  42,  43 

Nicholson's,  41 

Sykes',  43 

Tralles',  43 

Twaddell's,  43 

weighing.  41 
Hydrometers,  scale,  41, 42 
Hydrostatic  balance,  35 

press,  212 
Hyi>odermic  injections,  226 
Hypophosphltee,  estimation  of, 

443 
Hypophosphorous  acid,  estima- 
tion of,  443 
Hypoeulphites,  assay  of,  433 


I. 

Ignition,  69 

Imperial  fluidonnce,  11 

gallon,  11,  12 

measure.  12 

minim,  12 

ounce,  12 

pint,  11 

fM)und,  11 

standards,  10 

Nystem,  11,  12 
Incompatibility.  394 

chemical,  394 

in  prescriptions,  404 

mechanical,  396 

pharmaceutical,  396 
in  prescriptions,  402 

prescription,  general  con- 
sideration or,  397 

therapeutic,  397 
Incompatibles,  394 

acacia,  394 

alkalies,  394 

alkaloids,  394,  396 

antipyrin,  394 

aquK  ammonite,  222 

aqua  chlori,  223 

arsenous  acid,  394 

bismuth,  394 

bromides,  394 

calomel,  395 

chloral,  395 

chlorates,  391 

chlorides,  395 

chlorine  water.  895 

corrosive  sublimate,  395 

Donovan's  solution,  228 

emulsions,  301 

hydrogen  peroxide,  395 


Incompatibles,  iodides,  895 
iodine,  395 
iron,  reduced,  395 
iron  salts,  396 
lead  acetate,  895 
lead  subaoetate,  395 
lime  water.  895 
liquor  ferri  chlorldi,  231 
liquor  iodi  comp.,  235 
liquor     plumbi    subaceta- 

tis,  236 
liquor  potassee,  288 
liquor   potassii    araenitis, 

liquor  sodse  chloratse,  241 

pepsin,  395 

potassium     permanganate, 
392-396 

quinine  salts,  396 

salicylic  acid,  396 

silver  nitrate,  396 

strychnine,  396 

syrupus  acidi    hydriodid, 
278 

syrupus  ferri  iodidi,  281 

tannin,  396 

tartar  emetic,  896 

tinctura  ferri  chlorldi,  262 
Indicator,  414 
Indicators,  414 
Infusa,  244 
Infusion,  188 

mugs,  245 
Infusions,  244 

from  fluid  extracts,  246 

preservation,  246 

toble  of.  246 
Infect  tones  nypodermicse,  226 
Injections,  hypodennic,  226 
Inscription,  the,  375, 376 
Insolubility,  128 
iDiemiediate  crystallization, 

149 
Interstitial  water,  151 
Iodine,  assay  of,  435 

decinormal  solution,  432 
Irish  moss  emulsion,  298 
Iron  dlalysed,  142 

ferric,  estimation  of,  435 

ferrous,  estimation  of,  437, 
442 

meta,llic,  estimation  of,  487, 
443 
Isometric  system,  144 
Isomorphous,  146 


J. 

Jacketed  fUnnels,  180 

Jar,  receiving,  196 

Joints,  fittine,  90 

Jolly's  apeciflc  gravity  balance, 

47 
Juices,  262 

K. 

Karat,  8 

Keratin  coating,  pills,  329, 830 
Keratin,  preparation  of,  330 
Kilogramme,  8, 17 

standard,  16 
Kiloliter,  17 
Kilometer,  17 
Koppeschaar's  Solution,  443 


L. 

Labarraque's  Solution,  241 
Lactometer,  44 
Lamp,  alcohol,  52 

blast.  57 
Latin,  value  of,  in  pharmacy,  3, 
375 


Lead  plaster,  861 

water,  237 
Length,  unit«  of,  6 
Levigation,  125 
Lewin's  extraction  apparatus, 

207 
Llebig's  condenser,  88 
Light,  action  of,  on  cbemicala. 
154 
precipitates,  167, 158 
Lime  water,  228 
Linimenta,  293 
Liniments,  293 
table  of,  293 
Liquid,  supernatant,  156 
Liquids,  alcoholic,  minims  to 
fluldrachm,  13 , 
caustic,  filtering,  178 
drying,  112 
ethereal,  minims    to    the 

fluldrachm,  13 
immiscible,  separation  of, 

187 
specific  gravity  of,  38 
weighing,  24 
Liquor  acidi  arsenosl,  227 
amnion ii  acetatiB,227 
arseui  chlorldi,  T^ 
arseni  et  hydrargyrl  iodidi, 

227 
calcls,  228 

calcis  saccharatus,  280 
ferri  acetatis,  228 
chlorldi,  230 
citratis,  281 
et  animonii  ac^atis, 

233 
nitratis,  233 
perchloridi,  230 
sesquichloridi,  230 
subsulphatis,  233 
tersulphalls,  234 
hydrargyrl  nitratis,  234 
iodl  comp€«itus,  235 
magnesii  citratis,  235 
plumbi  subacetatis,  236 

subacetatis  dilutus,  237 
potas8»,237 
potassii  arsenitis,  238 

citratis,  240 
sodse,  240 

chloratie,  241 
sodll  arsenltU,  242 

sllicatis,  242 
trlnitrini,  265 
zlncl  chlorldi,  242 
Liquores,  227 
Liter,  17 

standard,  16 
Llxlviation,  190 
Lotio  flava,  228 

nigra,  228 
Levi's  specific  gravity  beads,  48 
Lozenge-cutter,  316 

board,  315 
Lozenges,  314 
Lugol'n  Solution,  235 
Lupulln,  emulsion  of,  301 
Lvcopodlum.  emulsion  of,  301 
Lysimeter,  the,  135, 136 


M. 

Maceration,  189 
Machine,  centrlAigal,  213 

uses  of,  213,  215 
Magma,  157 
Magnesia,  heavy,  168 

light,  158 
Mass,  6 

blue,  813 

Vallet's.813 
Massa  copaiW,  812 

ferri  carbonatis,  813 

hydrargyrl,  313 
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Mas8S,.312 
Masses,  312 
Massing  inorganic  salts,  324 

organic  salts,  325 
Maxima,  in  filtering,  174 
Measure,  cubic  centimeter,  33 

Imperial,  12 

U.  S.  liquid,  12 

wine,  12 
Measures,  32,  33 

approximate,  14 

equivalents  of,  table,  466 

minim,  33 
Measuring  cylinders,  415 

flasks,  415 
Mediation,  pulverization  by, 

119 
Medicated  papers,  362 

pencils,  371 

waters,  217 

explanatory  text,  221 
prerarvation,  220 

wines,  256 

toble  of,  257 
Mel  despumatum,  284 
Mellita,  284 
Melting  point,  63 

cieterminatlon,  appara- 
tus, 65,  66 
of  fats  and  waxes, 
65,66 
Meniscus,  417 
Menstruum,  190, 198 
Meter,  7,  16.  17 
Meter,  standard,  16 
Metric  abbreviations,  17 

diagram,  18 

measures  of  capacity,  17 
of  length,  17 

prefixes,  17 

prescriptions,  385 

system,  15 

units,  equivalents  of,  18,  19 

weights,  17 
MicromiUimeter,  17 
Mill,  drug,  Enterprise,  116 

nance's.  117, 118 
Milligramme,  17 
MlUiliter.  17 
Millimeter,  17 
Mills,  drug,  116,  119 

handling  of,  118 
Mina,  Greek,  8 
Minim,  12.  13 

Imperial,  12 
Mistune,  294 

Mitscherlich's  condenser,  102 
Mixture,  Basham's,  233 
Mixtures,  294 

explosive,  390 

freezing,  133 
table  of,  294 
Mohr's  cork  borer,  93 

specific  gravity  balance,  46 
Moistening  and  packing,  197 
Molecular  weights,    table   of, 

455 
Monoclinic  system,  145 
Monometric  system,  144 
Monosvmmetric  system,  145 
Monsel's  iSolution,  233 
Mortar,  levigating,  125 
Mortars,  121.  123 

agate,  123 

cleansing,  123 

f:laa8, 122 
ron,  122 

porcelain,  122, 123 
Wedgwood,  122,  128 
Mother-liquor,  148 
Mould,  tablet  triturate,  331 
Moulds,     compressed     tablet, 

338 
Mucilages,  248 

table  of,  248 
MuUer,  1^ 


N. 

Nitrometer,  253 

Nomenclature,  pharmacopceial, 
3.4,5 

Normal  hydrochloric  acid,  426 
oxalic  acid,  420 
polassium  hydrate,  426 
sulphuric  acid,  422 
volumetric  solutions,  413 

Nux  vomica,  pulverization  of, 
120 

O. 

Oblique  system,  145 

Oil  bath,  83 

Oils,  filtration  of,  178, 179 

fixed,     minims    to    fluid- 
racnm,  13 

volatile,  minims  to  fluid- 
rachm,  13 

solvent  properties,  129 
Ointment  bases,  352 

citrine,  355 

mercurial,  355 

niercurv,  nitrate,  356 

pad,  355 

spatula,  353 
Ointments,  352 

dispensing,  354 

explanatory  text,  856 

incorporation    of    various 
substances,  353 

masking  odor  of^354 

methods    of    preparation, 
352 

preservation,  364 

table  of,  354 
Oleata,  287 
Oleates,  287 

dry,  287 
Oleopalraltates,  288  ' 

Oleoresina;,  290 
Oleoresins,  290 

table  of.  291 
Oleosacchara,  311 
Oleosaocharates.  311 
Orthorhombic  system,  144 
Ounce,  8,  9,  10, 13 

apotnecaries',  10 

avoirdupois,  10 

fluid.  Imperial,  13 
U.  S.,  12,  13 

Imperial,  12 

Troy,  10 
Ounces,  various,  10,  18 
Ovens,  drying,  110,  111 
Ovoids,  316 
OxymeUiU,  284 


P. 

Packing  and  moistening,  197 
I   Pancreatin  emulsion,  300 
I   Paper,  filter,  170 
Paper,  mustard,  362 

Usego,  306 
Papers,  medicated,  362 
Pastilli,  314 
Pellicle,  148 
Pencils,  medicated,  371 
Pennyweight,  8,  9 
Percentage  solutions,  137 

tables,  138 
Percolate,  191 
Percolation,  191 

apparatus  for,  193,  196,  199 

fractional,  270 

history  of,  191 

in  vacuo,  273 

menstruum  for,  198 

ofiicial,  192, 196 

pressure,  204 

vacuum,  206 

versus  maceration,  190 


Percolation  with    expression, 
272 

with  hot  solvent,  207 
Percolator  ,Chri8t-Dieterich,200 

conical,  193,  194 

cylindrical,  193,  194 

for  volatile  solvents,  290 

packing,  194,  195 

pressure,  Leutz's,  205 

Real's,  191 

shape  of,  194 

Squibbs'  siphon,  201-203 

well-tube,  201-203 

with  air-pump,  206 
Percolators,  193,  199,  200,  201, 
203 

dimensions  of,  194 

pressure,  204 
I   Perfection     suppository     ma- 
'  chine,  369 

I   Pestles,  121-123 

Pharmaceutical  incompatiblU- 
'  ty,  896 

Pharmaceutical  stills,  98 
Pharmacopceia,  1 
FharmacopGBial  Latin,  3 

nomenclature,  3,  4,  5 
Pharmacop<eias,  2, 3 

history  of,  1 

table  of,  2 
Pharmacy,  1 

Phenol,  estimation  of,  445 
Phosphoric  acid,  titration  of, 

428 
Pill,  blue,  313 

coater,  Maynard's,  329 
Patch's,  329 

exdpients.  322,  323,  324 

finishers,  322 

machine,  321 

mortar,  320 

pestle,  320 

press,  321 

roller,  320 

rolling.  320 

rounders,  322 

silverer,  327 

spatula,  320 

tiles.  320 
Pills,  318 

coating,  326 

gelatin  coating,  328 

general     ohnervationB     on 
making.  318,  319 

ffiiding,  327 

inorganic  salts,  324 

keratin  coating,  329,  330 

organic  salts,  325 

organic  substance,  325 

pearl  coating,  328 

salol  coating,  329,  330 

silvering,  327 

sugar-coating,  327 

varnishing,  327 
Pilulse,  818 
Pinch-cocks.  89,  90 
Pint,  Imperial,  11 

U.  S..  12 
Pipette,  33,  164 

capillary,  188 
Pipettes,  164,  188 
Plain  filters,  171 
Plaited  filter,  172 
Planes,  of  crystal,  143 
Plaster  block,  359 

forms,  359 

iron,  359 

lead,  361 

perforator,  360 

press,  321 

spatula,  368 
Plasters.  358 

explanatory  text,  361 

perforation  of,  360 

spreading.  368 

table  of,  361 
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Plates,  poroua,  for  filteriog,182 
Polymorphous,  146 
PorphvrizatioD,  125 
Potaasli  bitartras,  assay  of,  425 

et  sodii  tartras,  assay  ox,  425 
Potassiaro  cyanide,  assay  of,  432 

dichromate,  volumetric  so- 
lution, decinormal,  48G 

hydrate,  volumetric  solu- 
tion, centinormal,  429 

hydrate,  volumetric  solu- 
tion, normal,  426 

iodide,  assay  of,  439 

permanganate,  volumetric 
solution,  decinormal,  439 
Pound,    ancient  and   modern 
standards,  9 

apothecaries',  8, 10 

avoirdupois,  10 

British  Btaiidard,  8 

commercial,  8 

Imperial,  11 

monetary,  8 

Kaxon, 8 

Troy.  9, 10, 11 
Powder  dividers,  304 

folders,  305 

moistening  of,  195 
Powders,  303 

degrees  of  fineness,  121 

dividins,  304 

external  use,  303 

foldinff,  304 

f[ranulating,  335 
nternal  use,  308 

liquefying,  303 

Iiercolating,  192, 195, 196 

specific  gravity  of,  36 

triturating,  303 

weighing,  24 
Precipitant,  156 
Precipitate,  154-161 
Precipitates,  amorphous,  157, 
158 

continuous  washing  of,  165 

crystalline,  157, 158 

curdy,  157 

deu»c,  157,  168 

flooculent,  157 

gelatinous,  157 

{granular,  157 
ight,  166-158 

rinsing  out,  164 

washing,  164-165 
Precipitating  jar,  160 
Precipitation,  166 

causes  of,  156 

fractional,  159 

from  cold  solution,  158 

fnnn  hot  solution,  158 

objects  of,  157 

order  of  mixing  the  solu- 
tions, 158 
PrentisR'  still,  99, 100 
Preparations,  galenical,  classifi- 
cation ol^,  216 
Prescription,    Latin   construc- 
tion of,  376 

parts  of,  375 

phrases,  foreign,  885 

scales,  23,  28,  29 

the,  875 
Prescriptions,  abbreviations 
used  in,  380 

explosive,  :i92 

foreign,  38:) 

German,  383 

homoeopathic,  889 

measures  used  in,  379 

metric.  385 

olMM>lete  terms  used  in,  884 

signs  sometimes  employed, 
884 

typical,  399 

weights  used  in,  879 
Press-cloth,  210 


Press,  cork,  94 

diflerential-«nn,  211 

Enterprise  screw,  212 

hydraulic,  212 

hydrostatic,  212 

knee  lever,  212 

tincture.  211 

Witts'  pharmaceutical,  211 
Presses,  screw,  210-212 
Pressure  filtration,  180 

percolation,  204 

pumps,  181 
Prismatic,  146 

system,  144 
Pulveres,  303 
I  table  of,  310 

,   Pulverization,  119 

by  mediation,  119 

precautions  m,  119 
Pulverisingnux  vomica,  120 

works,  Poulain's,  115 

sine,  120 
Pump-pressure,  181 

water,  181 
Pycnometer,  38,  39,  40 

Squibb's,  40 
Pyramidal  system,  144 

Q. 

Quadratic  system,  144 
!   Quillaja  bark  emulsion,  299 
I  Quinine  oleate,  289 

R. 

.    Rapid  evaporation,  78,  79 
filtration,  180 

improvised  apparatus, 
183 
'   Real's  press  percolator,  191 

R6auniur  thermometer,  58, 69 
I    R(>ceiver,  88,  91 

Receiving  jar,  196 
,    IU«clpe,  375 
I   Kecrystallization,  149 
Rectification,  96 
Regular  system^  148, 144 
I   Remington's  still,  100 
,   Repercolat  ion ,  270 
,   Resinse,  850 
I   Itesinoids,  850 
table  of,  851 
Resins,  350 
I         emulsion  of,  800 
'  table  of,  350 

Retort  stand,  140 
Retorts,  87,  97 

with  adapters,  92 
Rhombic  system,  144 
Rhomboh^ric  system,  144 
Rice's  still,  102,  103 
Rod-guidinff,  161 
'    Rousseau's  densimeter,  42 
'    Rule,  specific  gravity,  35 

8p<%iflc  volume,  49 
I   Rules  for  converting  themio- 
metric  degrees.  59 
for  dilution  ana  fortifica- 
tion, 138-140 
for  fixing  strength  of  ex- 
tract nux  vomica,  846 

S. 

Saccharometer,  44 

Saline  baths,  83 

Salol  coating  for  pills,  329,  830 

emulsion  of,  800 
Salts,  deliquesoent,  154 

efBorescent,  154 

granular  effervescent,  162 
Sand  bath,  82,  83 
Saturated  solution,  128 
i  Scale,  army,  25 


Scale,  vest-pocket,  27 

salts,  149 
Scatos,  analytical,  2\ 

care  of,  80 

counter,  25,  26,  28,  29 

hand, 24 

prescription,  25 

torsion,  29 
Screw  presses,  210-212 
Scruple,  10 
Sediment,  161 

S^'s  suppository  mould,  367 
Semi-normal  volumetric   solu- 
tions, 413 
Separating  funnels,  187 
Separation    of    immiscible 

liquids,  187 
Separator,  187 
Sifter,  Hunter's,  120 
Sifting,  120 

Signature,  the,  875.  380 
Signs,  apothecaries'  weight,  10 

avoirdupois  weight,  10 

cabalistic,  384 

liquid  measure,  12 

Troy  weiffht,  9 
Silver  bromide,  solubilitv,  128 

nitrate  volumetric  solution, 
decinormal,  429 
Siphon,  162 

apiuiratus,  163, 188 

percolator,  201-203 
Slightlv  soluble,  128 
Soaps,  insoluble,  361 

soluble,  361 
Sodii  beuxoas,  assay  of,  426 
Sodium     hyposulphite,     volu- 
metric solution,  decinor- 
mal, 434 
Solids,  specific  gravity,  35,  41 
Soluble,  **  slightlv,"  128 

••  very,"  128 ' 
Solubilities,  Attfield's  Uble  of, 
890 

table  of,  448 
Solubility,  128 

barium  sulphate,  128 

coefiicient  of.  1.^ 

conditions  of,  128 

of  contact  of  body  and 
solvent,  130 

determination  of,  184 

effect  of  presence  of  dis- 
solved bodies,  130 

efi'ect  of  temperature  on.  129 

exercise  in  determination, 
135 

of  gases,  182 

of  silver  bromide,  128 

table  of  curves,  130 
Solution,  128 

acetate  of  iron,  228 

ammonium  acetate,  227 

arsenous  acid,  227 

Burnett's  disinfecting,  242 

change  in  volume  by,  133 
oftemperntureby,  138, 
134 

chlorinated  soda,  241 

circulatory,  130 

citrate  of 'iron,  281 

direct,  128 

Jtonovan's,  227 

ferric  chloride,  230 

ferric  nitrate,  233 

Fowler's,  238 

Sses,  181, 132 
iide  of  arsenic  and  mer- 
cury, 227 

iodine  compound,  235 

iron  and  ammonium   ace- 
tate, 283 

Koppeschaar's,  443 

Labarraque's,  241 

lime,  228 

Lugol's,  285 


niercurtc  tlitnt«,!»t 

potUBliiiu  cilrslB,  240 
ulu rated,  VH 
almple,  IW 
sod  [u  in  tLllate.  141 

HH^luiD  hjdmU.'MO^^ 

Dflea 
eof  . 
)orir 


Valuiglu'i,  in 
Vollurd'a,  4M 
arzliiccbWiile,  24 


pereenlitge,  137 

■upenaiimwil,  131 
U.t,\t  of,  1*3 
Tolunidrlc,  iI3 

el^cU  of,  on  crystdtlullou , 


Spun  In.  ham,  124 

plitller,  !IM 

|»«d«r,  121 
Spululiu,  124 
Spwtflc  gr»ij|y,  34 

tmlnnoe  (Jolli'i),  47 

b)'  dlspltcement,  3< 

of  liquid! ,'38 
of  puwdeni,  38 

boditi'bT  mniia  ol 

of  tol  Ids.  35-38 

of  Klld-.  (lighl).  37 

IBble,  61  ""  "  *  ' 
lube,  SurmgelV  47 
b«  -erKhiDu  Tolumet 


slnnoinJ,  ZSS 

Slindenjrl.  227 
SponlRneoui  srniwritloil.  80 
Spmdlncpluicra.sN 
Spreiigpl^ilKclllcgrBiltrtube, 

tiquilib'D  prcnometflr,  40 

■tpbOD  pcrcolUor,  Wl,  203 


Si)ulbb>iiuriDonwter,< 

Htundi.  niterlng,  175 
(fundard  ulullDna,  41. 

SluidardAT  uiclflDt  ai 

of  Hoorf  III,  i 
Still,  nuiomMli:,  101 


I  Kice'B,  102,  lOB 

'  Stilli,  lubonilory,  K-104 
pluniiKeutlial,  98 

,  (^orageordrunv,  110 


HubMriplloD,  lbs,  S7S,  370 
Succi.&H 
HuccOHlon,  353 
Sulpbita,  uuf  of  433 

7^up«nia(iirAI«d  solutlona,  : 
Siipertcriptlon,  Ibe,  375 
^upposilorla,  363 


g«l>tiu,  sit 


B 

Suppoaltory 


r,  37! 


le  ParfWtioii,3l» 


nu,  383 
l»,  371 

■Ducmneii.  nug,  880 

mould,  Blicliltiiina't,  387 

>|i«e>8,  387 
Suppoal  loi7inauldB,36e,3OT,380 

the  Wellnnue,  M3 
Siteetsplritof  nlire,  151 
Mrke's  bTdrotdvler,  43 
S;liat>u>  of  llQctures,  -JE7, 363 
Srnoiirm,  the,  4 
S3  nip  of  mliiionda,  270 

bulk  raultiiiE  fnHn»1ullon 
In  water,  2f5 

fprrous  iodide,  280 

Eirlic.  170 
idrlodic  uid.  278 
iodide  of  lioD,  230 
lliue.  280 
Syrupl,  275 

cluBlBcutioDOf,  277 

p™  "atJoii^of,  277 
almple  proponlon*  Oa  pro- 
table  of,  233 
STninugacldl  bfdrlodici,  278 


Snlmi.  DMiic,  IS 
mon<Ktinic,  14E 
niunoioed-ic,  I4t 
manogjiumelrlc,  141 
oblique,  146 
onhorboiublc,  144 

rbombohedrie,  144 

S7>teiu«Dtci7sUllagrtpbT,  I- 

T»bell«,3l4        ' 

Table  of  abbreiiatlona.  Uti 

cabultalloigtiB',  384 
cerain,  387 
CDllodlona.  202 
curtee  of  aolublUlr,  130 
decocilDrii,  247 
degrecA,  luutnt,  43 
drop!  in  Huldracbio,  IS 


fureigo     I 
phrua. 


n  drying  drugs,  1( 
.cal^l  water.,  225 
ciled  winea,  158 

cularwBlgbU,  455 


olearaiiK,  291 
percentage  138 
plaaten,  381 


tolubiiiiiei,  Alt  Held'!.  890 
■olubillllea,  448 
BpeciAc  gmviiies,  51 
spirits,  2IM),  2J1 


vlneKara,  2 

W(lg>l.    mL 


imp  rased,  moulds,  330 


Teiuperaiure,   cbings    in,    br 
K.liition,133,  134 
efleoton  soiublllt^,  120 

r^Tn,^T»l<ilion,  Im' 
Terma,   foreign,   in    preecrlp- 

llous,  3i« 
Latin,   used    in    prescrip- 

llons,  3S0 
obaelete,  uaed  la  preKrifK 
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INDEX, 


Tesseral  system,  144 
Test  eolation,  Brazil  wood,  414 
cochineal ,  414 
litmus,  414 
methyl-oranee,  414 
phenolphtaleiQ,  414 
potassiam  cbromate,414 

ferricyanide,  414 
rosolio  acid,  414 
starch,  mucilage,  414 
Tetragonal  system,  143, 144 
Therapeutic     incompatibility, 

397 
Thermometer,  67 

alcohol,  57,  60 

calibration  of,  61 

Celsius',  58,  59 

Centigrade,  58.  59 

Fahrenheit's,  58 

Reaumur's,  58,  59 

toluol,  60 
Thermometers,  57-59 

causes  of  variation,  60 

conditions  of  delicacy,  60 

graduating,  60,  61 

normal,  60 

testing  accuracy  of,  61 

variation  of,  60 
Thermoraetric  Muivalents, 

table  of,  461 
Thiosulphates,  assay  of,  433 
Time,  unit  of,  6 
Tinctura  ferri  chloridi,  262 

iodi,  262 

io<li  decolorata,  262 

opii,  263 

tincturse,  258 
Tincturae  herbarum  recentium, 

261 
Tincture  chloride  of  iron,  262 

iodine,  262 

iodine,  decolorized,  262 

opium,  263 

opium,  assav,  263 

opium,  various  strengths, 
266 

triturations,  389 
Tinctures,  258 

explanatory  text,  262 

fresh  herbs,  261 

homoeopathic.  388 

menstruum,  258 

preservation  of.  261 

preparation,  259 

strength,  258 

Bvllabus  of,  267,  268 

table  of,  259,  267,  268 
Titer.  413 
Title,  English,  the,  3,  4 

Latin,  the,  3 
Titration,  413 
Torrefaction,  70 
Torsion  balances,  29 
Tralles'  hydrometer.  43 
Tricliuic  system,  146 
Trimetric  system,  144 
Trimorphous,  146 
Tripod,  83 
Trituration,  121 
Triturations,  310 

homcBopathic,  '^8li 
Triturationes,  310 
Troche-board,  31.'> 

-cutter,  316 
Troches,  314 

compressed,  314 


Trochee,  moulded,  314 

table  of,  317 
Trochiscation,  127 
Trochisci,  814 

Troy,  term,  derivation  of,  8 
weight,  9 
1  Tubes  for  melting-point  deter- 
I  mination,  64,  66 

'   Tubing,  bending,  90,  92 
I  breaking  otf;  92 

cutting,  89,  90 
drawing  out,  64,  90 
properly  and  poorly  bent. 

Tumbler  All,  14 
Twaddell's  areometer,  43 
Typical  prescriptions,  399 

U. 

Unguenta,  362 
Unguentum  hydrargyri,  356 
hydrargyri  nitratis,  355 
Units,  metric  equivalents,  18, 

19 
Unsaturated  solution,  128 
Upward  filtration,  178 
Urinometer,  44 

U.  S.  apothecaries'  or  wine  mea- 
sure, 12 
fluid  measure,  12 
law  relating  to  weights  and 
measures,  12 

V. 

Vacuum  apparatus,  76-78 

percolation,  206 
Vallet'8  mass,  313 
Vaporization,  71,  84 
Vehicle,  the,  376 
Very  soluble,  123 
Vessel,  crystallizing,  150 
Vials,    for   producing   drops, 

14 
Vinegars,  248 

table  of,  249 
Vina  medicata,  256 
Volhard's  solution, 
Volume,  changein,  bysolution, 

133 
Volumetric  analysis,  418 

solution,  bromine,  decinor- 
mal,  445 
hydrochloric  acid,  nor- 
mal, 420 
iodine,  decinorraal,  432 
oxalic  acid,deci  normal, 

421 
oxalic  acid,  normal, 

420 
potassium  dichromate, 

decinormal,  436 
potassium  hydrate, 

centinormal,  429 
potassium  hydrate, 

normal,  426 
potassium  permangan- 
ate, decinormal,  439 
silver  nitrate,  decinor- 
mal, 429 
sodium  hyposulphite, 

decinormal,  434 
sulphuric  acid,  normal. 

Volumetric  solutions,  413 


Volumetric  standard  solntions, 
preparation  of,  419 

W. 

Wafers,  305 
Watth-bottle,  166 
Wash,  blackj^ 

vellow,  228 
Washing  by  decantatlon,  161 

of  gases,  113,  114 

of  precipitates,  164, 165 
Watch  glass,  111 
Water,  ammonia,  222 
stronger,  222 

baths,  81,  82 

bitter  almond,  221 

cherrv  laurel,  222 

chlorine,  223 

chlorine,  proparatiou,  132 

chloroform,  'l32 

of  constitution,  151 

creosote,  222 

of  crystallization,  151 

heater,  56 

hydrogen  dioxide,  224 

interstitial,  151 

lead,  237 

lime,  228 

solvent  properties,  129 

weight  of  cubic  inch,  10 
Waters,  distilled,  217 

preservation,  220 

medicated,  217 

explanatory  text,  221 
preservation,  220 
Waxes,  emulsion  of,  301 
Weighing  bottle,  134 
Weight.  6,  8 

ancient  standards,  8,  9, 

apothecaries',  10 

apparent,  8 

avoirdupois,  10 

in  vacuo,  8 

troy,  9 

true,  8 

unit  of,  8,  9 
Weights  and  measures,  6 
Weights  21,30,31 

aluminum,  31 

analytical,  21,30 

avoirdupois,  iron,  80 

block,  30 

brass,  metric,  31 

coin,  81 

cup,  troy,  30 

equivalents  of,  table,  466 

handling,  24 

metric,  iron,  30 

prescription,  80 
Well-tube  percolator,  201,  208 
Westphal's  specific  gravity  bal- 
ance, 4*) 
Wineglassful,  14 
Wine  measure,  12 
Wines,  medicated,  256 
Witt's  phurmaoeutical   press, 
212 

Y. 

Yard,  standard.  6, 11 

Yellow  wash,  228 

Yolk  of  egg  auulsion,  298 

Z. 

Zinc,  pulverization  of,  120 


I 


